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Ref: 8EPR-SR January 31, 2011
MEMORANDUM

SUBJECT: Libby Asbestos Site, Operable Unit 3
Section 5.0 of the Phase III Sampling and Analysis Plan
Proposed Geotechnical Investigations
FROM: Bonnie Lavelle >
Remedial Proje¢t Mana
Libby Asbestos Site, OU3

TO: : Site File

On January 26, 2009, EPA transmitted the draft Phase Il Sampling and Analysis Plan for
Operable Unit 3 of the Libby Asbestos Superfund Site (Phase III SAP) to external reviewers. As
a result of extensive discussions with Remedium during a meeting on February 5, 2009, EPA
decided to revise Section 5.0 of the Phase III SAP that described geotechnical investigations to
support the remedial investigation/feasibility study. On May 26, 2009 EPA issued the final
Phase III SAP with a placeholder for Section 5.0 with the intention of inserting this section once
it was finalized by EPA.

The attached documents provide the record of EPA’s revisions to Section 5.0 of the Phase III
SAP, the Geotechnical Investigation. The documents are:

e Attachment 1: First revision, submitted to EPA in April 2009 by NewFields, an EPA
contactor, with EPA internal review comments.

o Attachment 2: Additional revision of Section 5.3, Data Quality Objectives, submitted
to EPA by NewFields on May 25, 2009.

e Attachment 3: Second revision, submitted to EPA in July 2010 by Formation
Environmental (formerly NewFields).
Attachment 4: EPA internal review comments on second revision.
Attachment S: Revised draft of Section 5.4, Sampling Design, transmitted by EPA to
Remedium on December 16, 2010.
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MeMOmie THE N0 AcTtan ALrernariue.
50 OTHER DATA NEEDS FOR RUFS

| | Additional geotechnical datd are needed to sypport characterization of site conditions and
-evaluation of remedial alternatives in the FS. The long term effectiveness of the No Action -~ —
-~ alternative will require information to assess the stabjlity of mine features and their potential to - sa
“Felease Materials into the environment. In addition, depending on the findings of the
environmental sampling and human health and ecological risk assessments, evaluation of a range
of source control alternatives is-anticipatéd in the FS. Pdtential source areas to be investigated ®oing ¥34% M L8

QoamlF M 4re identified as follows: Z Peocang ,
\ e 1A
M Db Tailing Storage Facility; BE osttar  Fhorccries ot Muwray l‘(""’"m
e Coarse Tailings Pile; nEehed ANS THE  Eugitemmad —  AaL
e Surface Mine Area; and '
. Waste Rock Piles.

[ OF Exwsmarg DATA
This section addresses the data requirements, data quality assessment, data quality objectives,
sampling design, analytical requirements and quality control that are needed for the required.

geotechnical data at OU3.
5.1  Data Requirements

This section presents-the background information necessary to assess the geotechnical
engineering data requirements for OU3 RI/FS. This information is developed from various

sources. i e .- { Deleted: available
Tailing Storage Facility . CoMTaansS Fiae Thicinre Far _
/ T locissiva afF Wérfieuoul Tt TUE

The Tailing Storage Facility on Rainy Creek g impounded by a high—hazard,' 135-feet high dam TRILIVGS A

(127 fi reported by Harding, Lawson and Associates [HLA], 1992), initially constructed in 1971
with a'50-feet high starter dam (Schafer and Assoc., 1992). The dam is classified as high hazard
due to its size and presence of hazardous constituents. The tailing dam is also known more
recently as the Kootenai Development Impoundment Dam (Billmayer and Remedium, 2007) and
previously as the W.R. Grace Vermiculite Tailings Impoundment or the W.R. Grace Dam, Rainy
Creek, Montana (Schafer and Associates, 1992 and HLA, 1992). Most recently the tailing dam
has been called the Kootenai Development Impoundment Dam (KDID) in the 2008-2009
periodic Owners’ inspection report (Billmayer & Hafferman, 2009)

drawings were reviewed from this design including design drawings from 1979 (W.R. Grace
Co., 1979). The original design drawings indicate a 50-feet high starter dam with 2:1 side

slopes, a 40-feet wide crest and a downstream chimney drain. The drainage system is shown
starting upstream from the starter dam and extending along the foundation through each dam
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raise. Perforated cross drains are shown in the foundation for the Phase 1 and Phase 3
downstream embankment raises. Initial embankment materials are shown 5§.“Zone 3 and *
abutment excavation” material, althngno Tuarther description of these materials is givento |,
ldentlfy if they are silty gravels, sands or clays e drawings indicate three downstream
raises of approximately 10 to 25 feet (Phases 1, 3 and 5) and two smaller centerline crest raises -
of approximately 5 to 10 feet (Phases 2 and 4). The fourth centerline raise to El. 2900 ft AMSL
occurred in-1979 (Shafer and Associates, 1992). The fifth raise to El. 2926 ft AMSL is shown as

— P wWHeE
Tv«-k' O isATED

a dow arnsl} tly performed in 1981 (Billmayer & Hafferman 2009) The
op

| downstream
starter dam is shown as approxnmately 100-feet upstream from the 1979 dam crest centerlme
The maxxmum design height of the embankment appears to have been 200 feet with downstream

raises (Blllmayer & Haffermian, 2009). Therefore, the current embankment height is i85’ _
approximately 67 percent of the final intended design height. 55 = é—f, g
L o

The crest length is approximately 1,100 feet, a‘concrete box culvert with principal spillway
discharge is located on the left (east) abutment and an emergency spillway at a higher elevation
is located on the right (west) abutment. The principal spillway has an outfall to Rainey Creek
below the dam and the emergency spillway does not appear to have an outfall to the creek.

It appears from original drawings that foundation stripping up to about 5 feet in the valley
bottom was performed to remove surface silts and that the abutments were stripped and benched.

Original gravel blanket drains are shown in the design with perforated pipes to t VWHERSE png
face, which were extended and added to during subsequent raises. Co. ailing materials from THs N
the over-steepened area of the Coarse Tailing Pile were egortedlx sed in one or more of the Relorres

»
dam raises. However, it is not clear where the coarse tailings migh
embankment. Materials used for each embankment raise, whether c ine or downstream, are

-

*/ | not defined in thig available rawmgs - | feleted This will require further
LTI T Tt - definition and field verification prior to a
- . final remedial design.
A s of elght boreholes to maximum depths of about 55 feet below original ground surface
5“00'—9 ﬁ?- pits to a maximum of about 17 feet below ground surface (ft bgs) are shown on the

BE
g

197T drawings in the vicinity of the starter dam and downstream of the starter dam. The borings
do not have SPT values and do not.indicate consistency of materials (loose, dense, very dense 'k
e‘r) . Silt depths of up to 5 feet are indicated underlain by gravelly sand to sandy gravel of
“unknown consistency. The pyroxenite bedrock undemeath the dam appears to be approximately
26-36 ft bgs. Bedrock on the right side near the west abutment appears to be deeper, about 40 to

45 ft bgs. Bedrock on the right abutment appears to be about 12 to 18 ft bgs and on the left

abutment appears to vary from-about 8 to 12 ft bgs. The rock is only about 1 ft bgs further up the

left abutment area. A zone of silts and clays is indicated at depths of approximately 19 to 26 ft

bgs and 35 to 37 ft bgs near the right abutment downstream toe. It is not indicated if these are

soft zones. No test pits or borings are indicated in the impoundment area. *

The surface discharge from the tailing impoundment discharges through a reinforced concrete
principal spillway at a crest elevation of 2,897 ft AMSL located on the left (east) abutment. An .
inlet channel presently extends from the porZﬂ several hundred feet upstream from the dam crest
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to the principal spillway inlet. The principal spillway consists of an 8-feet wide by 4-feet high
concrete box culvert approximately 169-feet long and an 8-feet wide by 3-feet high concrete
discharge channel approximately 965-feet long with a concrete and riprap outfall. TFhe principal
spillway has a reported full-channel discharge capacity of 731 cubic feet per second (cfs) with
the water surface at the dam crest. The concrete structures are reported to be partially cracked

with some rocks and debris near the inlet. ~> Per e >

-

The principal spillway and an emergency épillway, located on the right (east) abutment, are .
reportedly designed for ofie-half of the probable maximum flood (1/2-PMF; Schafer 4nd Assoc, i
1992). The peak inflow from the total Rainy Creek and Fleetwood Creek upstream drainage area
(9.4 square miles) for the %2-PMF event was computed to be 5,838 cfs. The storage capacity of
the impoundment was estimated to be approximately 1,3024cre-feet at the dam crest (Schafer

and Assoc., 1992). Routing the %:-PMF flood hydrograph through the reservoir resulted in a
.peak discharge flow significantly lower than the peak inflow, and the present system of concrete
principal spillway on one abutment and earth-riprap emergency spillway on the other abutment
was recommended and constructed in the early 1990s. The emergency spillway is reported to be
approximately 35-feet wide by 380-feet long with riprap erosion protection at an elevation of
approximately 2,922 ft AMSL. The capacity of this emergency spillway with the water surface

at the dam crest is_reponed to be 1,129 cfs (Billmayer & Hafferman, 2009). Thus;the.gombine
" “discharge capacity of the principal and emergency spillways is approximately( 1,860 cfs. )}— /twu

BerTER EXARUa~ Tw g

Recent risk-based analyses of the tailing dam concluded that the potential loss-of-life is 0.41
(Billmayer & Hafferman, 2009). Based on the current Montana spillway standards, the spillway
design flow is therefore downgraded to an inflow design flood having a recurrence interval of
500 years. Analyses performed for this flood event determined the peak inflow from Rainey and
Fleetwood Creeks to be 351 cfs utilizing USGS regression equations for Montana stream peak
flows. This method providesa approximate method of determining peak flow with a standard
error of prediction of approximately- 67 to 79 percent. Therefore, based on this analysis, the
existing peak design flow of 1,860 cfs for the spillway system, which is based on the %2-PMF
inflow, is well in excess of the latest peak inflow from the 500-year flood event, Analyses were
performed assuming loss of upstream vegetation due to a forest fire with a ground cover of
approximately 20 percent. The peak inflows for this condition were estimated to be

Coe approximatelé SSIZfs. Environmental risk analyses have not been performed for the tailing

-storage facilify.

By comparison, previous studies performed using a hydrograph analysis with full forest
" vegetation conditions and an overall hydrologic Curve Number of 60, estimated the combined

. peak flow from the 100-year, 24-hour storm event in Rainy and Fleetwood Creeks to be
. | .apprbximately 460 cfs (Schafer and Assoc., 1992),

either dry conditions or relatively low water levels. The maximum phreatic surface is reported to
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from the two methodologies will need to
be fully understood and reconciled for
final FS analyses. ’
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be approximately 94 feet below the crest of the dam, or approximately 40 feet above the base of
the dam. One piezometer is reEorted to fluctuate several feet each year and up to a maximum of
30 feet. The peak of the highest phreatic water surface each year corresponds to the peak of the
snowmelt/rain’ runoﬂ' in the area in the late spring. Only one piezometer is located within the
tailing impdundment, which.is reported to have not been measurable the last few dam
inspections. This piezometer (P-O) consists of a 2-inch diameter PVC casing with two Ys-inch
fubes inside, and appears to require compressed air for reading (Billmayer & Hafferman, 2009).
— L 'T'OE. DPRANG T e nizag dee 1S
Howe _Aseries of seepage-control pipes are located on the downstream embankment which have been
M awsy € ¢ maintained periodically (Billmayer, 2007a). The/nost recent dam inspections in December 2008
and January 2009 reported on each of the twelve seepage pipes exiting the downstream 7 > ?
‘- embankment (Billmayer & Hafferman, 2009). This report also discussed the various — Wowr ey . x5 \4 ¢
- -piezometers in and near the dam embankment. It was concluded that the drains and the phreatic
surface indicated by the piezometers follow the yearly surface water flow fluctuations. It was
further ‘concluded that the majority of the volume of stream flow upstream of the taili&
" impoundment infiltrates the tailings and subsequently reports to the toe drainage system. A
.portion of the surface Tlow also discharges through the principal spillway during the late spring
most years.
L . SEISMIC ConstIERATION S,
Previous studies have concluded that the tailing embankment is stable during static and seismic
conditions with acceptable deformations reported for an anilysis assuming a maximum credible
earthquake producing a horizontal ground acceleration of 0.30g (HLA, 1992). These analyses
were based on the state of Montana standards prior to development of the new Montana Dam
Safety Standards for High-Hazard Dams. Previous analyses appear to have utilized two-
dimensional models in 1992. Recent stability analyses, with updated seismicity conditions, do
not appear to have been performed for the structure. Finite element analyses of stress conditions
.7 utilizing state-of-the-art models, do not appear to have been performed for the dam and ’)k
foundation.
"

SEEPAGE THRoued DA
Seepage through the dam has been identified as a potential long-term stability concern,

‘particularly if the impounded water is adjacent to the dam. A levee was recommended in the l
1992 HLLA study to be located approximately 500 feet upstream from the dam crest to prevent *

the pond from reaching the dam; however, the levee was not constructed. LFDATE
Tailings consist of interbedded layers of soft to stiff elastic silt (60%) and loose to medium dense &9 '
-poorly-graded sands and silty sand (40%) with mica and pyrite flakes. Based o m in : N

the east side of the impoundment, the maximum thickness of tailings in the impoundment is

approximately 70 to 75 feet (HLA, 1992). Confirmation of these depths and estimation of depth KFJO»T‘S
variations over the impoundment area, particularly further upstream, have not been performed. __ ) F(Lof'l

TheToose silty sand tailing materials are reported to have liquefaction potential during SelSl’nlC

vt (HLA, 1992), |
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Embankment soils consist of dense to very dense, well graded silty sands. The overall
downstream embankment slope is shown on stability models to be approximately

. 4(horizontal):1(vertical), although existing slopes appear to be steeper than this. The right
abutment is underlain by a thick blanket of glacial outwash and till from a few feet to 40 feet
thick. The left abutment slope is blanketed by a relatively thin mantle of slope debris and
remnants of a lateral moraine near the base of the canyon slope with an intermediate 4-feet thick =~ ~° ~**
zone of highly permeable, relatively clean sand. Natural foundation soils consist primarily of Ad
dense to very dense poorly-graded grévels, dense to very dense poorly-graded sands and . .
moderately hard, friable pyroxenite bedrock with abundant magnetite and pyrite (HLA, 1992).

The Tailing Storage Facility covers an area of approximately 53 acres (75 acres at maximum
flood pool), a portion of which contains open water area of several acres depending upon the

- inflow to the impoundment. The volumeé of impounded water at the emergency. spillway crest is .
approximately 937 acre-feet and the volume at the dam crest is approximately 1,302 acre-feet How & Ttrs >
(Schafer and Assoc., 1992). The impounded water is typically approximately 500 feet upstream ! CHAtLLLATES T,
of the tailings dam; however, during extreme flood events water could be impounded adjacent to
the dam. The impounded water discharged over the spillway during the 2008 spring runoff
period, and typically discharges during normal precipitation years. : ?

' ALTERAWVE.

The Draft Environmental Assessment for the site (Montana Departirient of State Lands, 1992)
\-F \,}. identified a number of concerns with a full diversion of Rainy €reek around the Tailing Storage
o Facility including the following: “The full diversion alternate increases the potential for failure,

«‘x")‘“ W, and decreases the safety of the system--—Stability of the structure in a massive flood condition

would be problematic---The channels carrying the diverted flows would be very large, and w*‘{ s TS

inherently less stable than smaller channels, particularly when constructed in the side of a hill as | . Drgesss o Herse .

DQ} they would be in this case. From a hydrologic and geotechnical standpoint, any channel, natural
-} or constructed, located above the low point in a drainage is generally not considered to provide
\ (,b ; good long-term service...Should diversion channels become plugged, or the system fail for some

wb

L3
other reason, the flood flows would quickly breach the diversions and enter the impoundment”. 15‘;6\02
. This opinion was reiterated in the 1992 Schafer Engineering Analysis of Flood Routing e
f&m | Alternatives report. . _.---1 Deleted: These conditions will need to
: & bbb bR R - be investigated to make FS assessments - ],
o . . . of a'lltemm'ves involving full divérsion _of _
Geotechnical data including boring logs and laboratory testing were developed for this tailings mﬁzﬁlﬂ“’ around the K
v«" | dam during the 1992 study. Long-term mdintenance of this tailings dam, to be evaluated inthe | {Deleted: A1 )

f"d FS, will be based on existing and additional data related to the geotechnical characteristics,
confirmation of depth and extent of the tailings in the impoundment.

W Pe-waep
Qﬁ Coarse Tailing Pile .

The Coarse Tailing Pile is located on the hillside east of the tailing impoundment and covers an
area of approximately 140 acres. Based on topographic mapping, the total height of the Coarse
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Tailing Pile is approximately 700 feet and has side slopes of approximately 3:1 to 4:1. The
Coarse Tailing Pile reportgdly has had some reclamation procedures applied as discussed below.
A small surface impoundment is located at the east toe of this pile covering an area of
approximately 16,000 square feet (sf). Fleetwood Creek extends along the north toe of the
Coarse Tailing Pile and storm flow events likely extend the floodplain.over the toe of the Coarse
Tailing Pikgalthough specific hydrologic/hydraulic information was not identified for review.
PEEER DEF\AsE.
A portion of the Coarse Tailing Pile appears to be at the slopes of 2:1£0 4:1 and a portion,
approximately 65 acres, is reported to be too steep or over-steepencd. This over-steepened

portion was reportedly the borrow source for a tailing dam raise, although documentation of this - .-

the upstream portion of the tailing impoundment and may have stability concerns.

. The Coarse Tailing Pile has reportedly undergone reclamation work including run-on control,
contouring for runoff control, seeding, and planting of trees (Ray, 1999). The existing
reclamation work has not been reviewed as part of this data needs assessment. This reclamation
work was, however, reviewed for bond release by the Montana Department of Environmental
Quality (MDEQ, 1999a),

A portion of the Coarse Tailing Pile reportedly experienced snowmelt/rain runoff erosion in

2007. This area reportedly required an estimated 6,500 cubic yards (cy) of restoration fill from
nearby waste rock and relocation of an under-road culvert which apparently caused the washout
(Remedium, 20(_)7): Information regardingﬂ:vlementation of this erosion restoration was not ,Kd
identified for review.

. descriptions. Various issues were raised following bond release in 1999 including comparable

wm;_r/_ stability and utility of reclaimed areas and levels of asbestos on the surface of reclaimed areas

o - and potentia] for continuing release (MDEQ, 1999b).‘ It appears thaﬂinsufﬁcient data exist to
C boe% adequately assess the long-term stability of the over-steepened area near the Coarse Tailing Pile 1
oS 4 orto analyze source control remedial alternatives jn the FS. Such data will include geologic
fMEA~ «  reconnaissan d settlement monuments in the over-steepened area followed by inclinometers
fhed to be necessary based on the reconnaissance and settlement study. 'Geotechnical
X parameters will need to be obtained from test pit samples in the coarse tailing area to

determine engineering characteristics and the test pits will assist in determining the volume of %
the coarse tailing pile.

0o Surface Mine Area -

The Surface Mine Area covers an area of approximately 270 acres at the top of “Vermiculite
M Mountain”. The disturbed area of the Surface Mine Area is contiguous with the mine waste rock

Souek Cournoc. ALmz-m«-wes_ ®
' 5.6

activity has not bfen identified. The, northwest portion of the Coarse Tailing Pile extends into .#.
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piles immediately to the south. The former mill area was located just west of the Surface Mine
Area and all associated facilities have been removed.

The Surface Mine Area includes the former “Glory Hole™ which covers an area of approximately
15 acres southeast of the former mill area and adjacent to the Waste Rock Pile area. This was
reportedly filled with miscellaneous mine waste debris (typical Class II landfill material), then
covered and seeded as part of reclamation (Ray, 1999). . 4
P (ay ) ™ Fran W HCR e

The Surface Mine Area was reportedly reclaimed in the 1990s including regrading, seeding and
planting (Ray, 1999). This area was inspected for bond release in 1999 by the MDEQ. Issues
remaining included levels of asbestos on reclaimed areas and water quality concerns related to
potentially hazardous materials disposed in the Glory Hole and other areas (MDEQ, 1999b).

?
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e
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A stockpile of soil removed from residential yards in Libby is located on the Surface Mine Area, _...--| Deleted: The volume of this soil
- stockpile has not been determined with
10 A9 MW~ I accuracy.

|

One monitoring well was installgd’adjacent to the Glory Hole in 2000 (MW-1) and another
monitoring well was installed fiear the toe of the old waste dump (MW-2; W.R. Grace & Co.,
2000). A log of the first mohitoring well near the Glory Hole indicates approximately 4 feet of
rock fill over approximately 16 feet of vermiculite with weathered pyroxenite below this to a
depth of approxirriately 82 feet below ground surface. Biotite pyroxenite bedrock with traces of
tremolite and diopside were identified from a depth of 82 feet to the bottom of the borehole at a
depth of approximately 250 feet below ground surface. Groundwater was found at a depth of
approximately 242 feet below ground surface and produced approximately 1 to 2 gallons per
minute. Groundwatér was reportedly identified in MW-2, which was completed to
approximately 90 feet below ground surface. Eroundwater from MW-2 was reportedly high in

arsenic and lead (MDEQ, 2000), although such data werg, not identified. The location and log of .-{ Deleted: as

—_— > QN-LFHZJ"( C Cueo. Duse IR s4f

N\ LDeleted: report

approximately 100 boreholes to depths of approximately 170 feet below ground surface (Zinner,
1982). These boreholes were located in the area between Waste Rock Piles 2 and 3 south of the
mine and in an area east of the coarse tailing pile north of the mine. The boreholes indicated
overburden materials from near zero to a maximum of approximately 90 feet below ground
surface. Vermiculite pyroxenite was found below the overburden in thicknesses varying from
approximately 40 to 170 feet below ground surface. Biatite pyroxenite bedrock was found at
depths varying from approximately 40 to 190 feet below ground surface. Groundwater in these
boreholes varied from the ground surface with artesian conditions in the area between the waste
rock piles to approximately 140 feet below ground surface. The twelve artesian boreholes
produced approximately 1 to 2 gpm water flow withjrelease of trapped gas. Two boreholes north
of the mine produced water flows of up to approximpately 20 gpm. It was theorized that “the
aquifer is probably the result of a permeable zoneof sandy and gravelly till overlain by a less
pervious till” (Harding and Lawson, 1974). Zinngr theorized that “the artesian conditions are
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thereby the results of the upper inclination of glacial deposits to the canyon head where
recharge takes place” (Zinner, 1982). Confirmation of these theories has not been made, and the
areal extent of such conditions has not been determined.

Two deep boreholes were drilled in the mine area: one was drilled to a depth of 900 feet through

the 22™ miping level (Hole 130) and one was drilled to a depth of 970 feet north of the mine area

(Hole 131): The first deep borehole in the mine area indicated approximately 10 feet of

overburden with 15 feet of vermiculite underlain by biotite pyroxenite to the 900 foot depth.

This deep borehole produced approximately 25 gpm at the 500-foot depth, approximately 350 to

500 gpm was produced from a depth of 700 feet and drilling was stopped at 900 feet as
approximately 1,000 to 2,000 gpm were being discharged to the surface. The final water level

~ was approximately 66 feet below ground surface indicating the water level was under

piezometric conditions. Another deep borehole was reportedly drilled 200 feet from Hole 130

which was reported to be under artesian conditions discharging approximately 5 gpm (Zinner,

1982). The second deep borehole north of the mine (Hole 130) did not encounter strong water LO CLE (l
producing zones as did Hole 130, although approximately 25 gpm was reported at a depth of 2
. approximately 500 feet below ground surface. The location and logs of deep boreholes 130 and © - THESE MNOwvw -
131 were not provided in the Zinner report. Freert Mt s
/‘_" FW ? -
Anecdotal information regarding an und Surface Mine Area has wiory

not been confirmed. Information regarding such underground workings was not identified
during this investigation.

No additional geotechnical data were identified for review from the Surface Mine Area and it /

appears that insufficient data exist to characterize site conditions and to support evaluation of 7 ...~ {Deleted: ¢ )
remedial alternatives inthe FS. Geotechnical data are required including test pits and sampling ___...-{ Deleted: for )
to determine the index-characteristics of soils. . o . NeerEo ?

Mine Waste Rock Piles

The mine Waste Rock Piles are located south of the surface mine and cover a total area of
approximately 230 acres. The toes of the Waste Rock Piles extend southwest to Carney Creek in
some locations and the side slopes appear to be roughly at the angle of repose, and some
contouring has reportedly been performed. The Waste Rock Piles consist of three major piles
south and southeast of the former mill. For the purposes of this investigation, the larger Waste
Rock Pile located to the south of the former mill site is designated WRP-1, the middle pile is
designated WRP-2 and the southeast pile is designated WRP-3.

Topographic maps indicate that the largest WRP-1 has a total height in excess of 850 feet on the
west side and has an overall slope of approximately 2:1 with haul roads and benches. Portions of
the east side of WRP-1 an ave heights of approximately 150 to 200 feet at
side slopes varying from 1.2: to 1.4:1. / The existing hillside slopes vary from approximately
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2.5:1to 2.8:1. The topographic maps and aerial views (Google, 2008) indicate areas of gully
erosion from the waste rock piles. ' ?

\NHERE 2 SULFACK LATUZ SATILER
A small wy@ebris area, covering approximatel

to 4 acres was-Jocated.southwest of the mill. Co N4 ?
It was repdrted that miscellaneous debris (including drums) from this smaller Waste Rock Pile s
was disposed in an excavated area southwest of the mill site approximately 800 feet east of the

Lower Pond (Ray Engineering, 1995). Water samples were reportedly obtained during

reclamation of the small waste debris area but were not identified for review. This 1995 report

also indicated movement of mine waste on the hillside thought to be caused by seepage from a

Spring and local areas of impounded water.

A landfarm was reportedly developed for treatment of wastes from a leaking underground
storage tank at or near the mill site. Information and data for this landfarm treatment facility EPA ~

were not identified for review. - . , . . ) [M e

The Waste Rock Piles are reported to have undergone reclamation activities in the 1990s similar
to the Coarse Tailing Pile and Surface Mine Area although the degree of reclamation is not
known. A landslide area at one of the Waste Rock Piles covering approximately 45 acres
exposed an old landfill in the 1990s, which was apparently reclaimed and the landfill debris was
relocated elsewhere. The MDEQ reported that the landslide area had dried out and appeared to
have stabilized (MDEQ, 1999a). However, hillside springs may re-appear at various locations
depending upon snowpack and other factors. Decomposing vermiculite is typically a very weak
material and its presence within the waste rock piles would tend to weaken the overall structures,
particularly over time.

As discussed above, the Zinner report indicates artesian conditions in several of the boreholes
between WRP-2 and WRP-3. 1t is not known with certainty how this artesian groundwater
condition affects the stability of the waste rock piles. The Zinner report observed that the “load
created by the waste dumps and their impedance of water flow has created instability in the
surrounding slopes and in the valley bottom"” (Zinner, 1982).

A 1992 environmental assessment determined that “the waste rock dump has inherent stability
problems due to the structure of the ore and waste rock. The dump is currently standing at the
angle of repose (1.25 to 1.5:1)....As a result of mass wasting, the waste rock dump toe has
encroached on the Carney Creek stream channel. The slumping of waste rock has forced the
creek to cut a new channel through the waste rock that has rolled to the bottom of the drainage
in the end dumping process used to form the waste rock dump’’ (Montana Department of State
Lands, 1992). '

Long-term stability of the Waste Rock Piles will need to be evaluated in the FS under the No

Action altemative.E; well as for source control altemativeaGeotechnical data for the Waste _,.—-'(N'Gted= capping

Rock Piles were not identified and it appears there are insufficient data to assess the long-term
\F Soué,(j_ Cgu:r"l.u- 16 Dererwes TP 5-9
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stability of the facilities or to analyze alternatives for a FS. Such data needed for analysis will
include bulk samples for index parameters, compaction characteristics and strength parameters.
Investigations will include test pits and geotechnical borings. :

52  Data (nality Assessment

This data quai'ty assessment includes a review of the identified engineering data for the Tailing
Storage Facility, which primarily includes data for the impoundment dam related to stability and
safety, and for the Surface Mine Area, which includes limited monitoring well data. Limited
engineering data quality assessment is included for the Coarse Tailing Pile and the Waste Rock
Pile areas based on very limited data adjacent to the areas.

Houws ©F+e~s ?,, A.QM UL ?
Because of the highi-hazard rating of the tailing impoundment dam, g(echnical stability and
hydrologic reports were completed for the facility in 1992 and periodic safety inspections have
been performed since that time. Periodic safety inspections have found the structure to be safe
with-the implementation of additional maintenance measures associated 'with the downstream
drainage system and with the addition of a reinforced concrete box culvert outlet through the left
abutment and concrete discharge flume and chute downstream of the dam.

Tailing St_orag'e Fgcilig C.L6 >.

The geotechnical report completed in 1992 included 10 geotechnical borings to depths ranging _..--{ Deleted: some

from approximately 22.5 to 77 feet below ground surface (ft bgs). The soils were classified in
accordance with American Society of Testing and Materials (ASTM) Standard D-2487 and
visual-manual procedures were performed in accordance with ASTM D-2488. Standard
Penetration Tests (SPTs) were performed in the borings in accordance with ASTM D-1586.
Selected disturbed and undisturbed soil samples were tested for moisture content, dry density,
Atterberg Limits, gradation, percent passing the No. 200 sieve, unconsolidated-undrained triaxial
shear strength, consolidation and compaction characteristics. Although the testing procedures
were not reviewed in detail, they were reportedly performed in accordance with established

ASTM procedures. ( ?EF—EUL-—‘CL )

- The original design in 1971 included 8 geotechnical borings and 14 test pits in the vicinity ofthe .- { Deleted: some s

starter dam and downstream of the proposed dam embankment. No explorations were
performed upstream in the impoundment area. The borings determined the depth to bedrock and

the test pits indicated near surface conditions. Standard penetration data were not reported for _.--{ Deleted: s

the borings and the general subsurface conditions were described from the boring and test pits
logs presented on the design drawings. It is not known what quality control procedures were
utilized the sampling and analysis of subsurface materials.

_Fourteen piezometers at the tailing dam have been monitored during the periodic safety
inspections. All but one of these piezometers was monitored in the 2007 and 2008-2009
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inspection reports (Billmayer & Hafferman, 2009). The piezometer not measured is apparently —____ nETrEeS
located in the impoundment area approximately 300 feet northeast of the dam crest. Annual :P"E’go &

monitoring of the piezometers have reportedly found the phreatic surface in the dam to be Are ““O“’
relatively low, with a maximum height of approximately 3 to 4 feet above the dam foundation MEssvlRe
(HLA, 1992 and Billmayer, 2007a). Seven of the thirteen piezometers monitored contained Mo M_mby —

water during the 2007 annual inspection and the latest inspection reported similar conditions.
- - . : zeau (1AaD ET‘

.The 2007 inspection report concluded that the dam was in good to excellent condition and that DNRE

no significant structural or maintenance concerns were found that would require immediate

action (Billmayer, 2007a). The emergency action plan, operational plan, routine maintenance

plan and piezometer monitoring logs were reported.to be :up-to-date and effectively addressed the

structure and its components. The annual dam safety inspections have reportedly been approved

by the Dam Safety Program of the Montana Department of Natural Resources (DNRC).

The 2007 dam inspection report recommended cleaning the seepage outlet drains and performing
minor maintenance work on the dam and concrete box culvert and chute spillway, some of which
was described in a Montana 310 permit application (Billmayer, 2007b). Some of this work has
apparently been performed and recent photographs of the inside of some drain pipes indicate

some corrosion and deterioration (Bilimayer & Hafferman, 2009). Long-term effectiveness of

the existing dam drainage system has not bee .- d is suspect due to the corrosion of . GN& oL,

some drain pipes. , BuaLUATRD e A

/f Vs Tiew |
ed.

The 2007 dam inspection report also recommended that a review of bank stability and seismic

W&M. Documentation of this review has not been identifi 4w W

e 2007 inspection report also recommended that preparation for the 5-year operational permit el —
renewal inspection be conducted no later than the fall of 2008. These recommendations Dg TS

" included: 1) development of a complete catalog of all available documentation and reports for P ol
the tailing dam, 2) a complete review of the stability analysis based on the latest piezometer data,
and 3) a review of the seismic stability of the embankment based on the new Montana Dam ' L@UO T ‘>
Safety Seismic standards for high-hazard dams in Montana. : W wWeAseL S

Recent stability assessments have relied on previous geotechnical field investigations, laboratory
analyses of materials and stability analysis models. The most recent inspection report (Billmayer
& Hafferman, 2009) included a review of the 1992 seismic stability study by Harding Lawson.
However, a critical review of updated seismic information was not apparently performed for the
dam; the latest report stated agreement with the previous analyses performed in 1992.
Additional stability analyses using recent state-of-the-art two-dimensional models have not been
performed for the structure nor have finite element analyses of the dam structure stress *’

I?nﬂltlons been performed, De:;m': Such state.-ot:t?c-nnf J
""""""""""""""""""""""""""""""""""""""""""""""""""""" anal W required for a fin:
N%A 0 E VAL dorEl reme;ic:l deosign of a: FSenI!emative fora
oV P/LQ o5 major tailing storage facility impounding
w"-'-' ™Mereo water.
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- to be any surveyed settlement monuments on the dam crest. only visual assessments of

Data regarding embankment movement over time has not been identified. There do not appear %

embankment movement and erosion have been-perfermed—

Somie discrepdncies exist regarding previous hydrologic analyses performed for the Tailing
Storage Facidity (Schafer and Assoc., 1992) and recent hydrologic analyses of inflow design
floods (Billﬁia}ef'& Hafferman, 2009). The USGS regression equation methodology utilized in L

recent am;lyses likely does not have the accuracy required (67-79% std. error) for a structure "'/ B\l—'v“ﬂ (JIMJ
such as the Tailing Storage Facility Dam at the Libby Mine. 3

L AccerraluUi
Surface Mine Area ' DR FRDARAC [yn 5“5‘)74 7IRS
A few boreholes are reported to have been performed in the Surface Mine Area including some
deep boreholes, although engineering-geologic data were,not identified for the boreholes. One .. .-{ Deleted: as ]

geologic log was identified for the monitoring well adjacent to the Glory Hole (MW-1) in the
Surface Mine Area. It is not known what procedures were utilized in measurement of
groundwater levels and what quality control procedures, if any, were utilized in the sampling and -

-analysis of groundwater from the monitoring wells. Groundwater level data and water quality

data were apparently not performed at the monitoring wells beyond the initial time period
following installation of the wells. Groundwater well sampling has been performed as part of the
RI. The log and location of reported MW-2 was not identified for review.

Data and information regarding reported underground mine workings and how such workings

may affect the surface mine area, or other site areas, have not been identified, : { ?G_'e'-’efF;nd will need to be addressed ]
uring the

Coarse 'Tailing Pile and Waste Rock Piles

As mentioned above, no geotechnical engineering data were identified for the Coarse Tailing
Pile or the Waste Rock Pile areas other than anecdotal information regarding grain size of the
coarse tailing materials. A geo-hydrologic report performed in the early 1980s (Zinner, 1981)
presented general subsurface logs for areas east of the Coarse Tailing Pile, north of the surface
mine, and between the eastern two waste rock piles. These indicated varying groundwater levels
and some artesian conditions between the waste rock piles but did not define the lateral extent of
such conditions. It is not known what quality control procedures were utilized in development
of the wells, in measurement of the groundwater levels or in characterization of subsurface
materials,

5.3  Data Quality Objectives
Data quality objectives (DQOs) define the type, quality, pufpose and intended uses of data'to be :

collected (EPA, 2006). The various steps involved in the DQO process will be followed to
provide an effective project plan and to provide sufficient information to support key decisions
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regarding remedial alternatives. Such steps include; 1) State the problem that the study is
designed to address, 2) Identify the decisions to be made with the data obtained, 3) Identify the
types of data inputs needed to make the decision, 4) Define the bounds (in space and time) of the
study, 5) Define the decision rule which will be used to make decisions, 6) Define the acceptable
limits on decision errors, and 7) Optimize the design using information identified in Steps 1-6.

Statement of Problem

Remedial alternatives (including No Action) to be identified and evaluated in the FS require a
sufficient amount of engineering information to support the evaluation of implementability,
effectiveness and coséJVarious remaining questions need to be addressed for each of the areas to
be evaluated in the F§ including the Tailing Storage Facility, the Coarse Tailing Pile, the Surface
" Mine Area and the Waste Rock Pile Area.

Tailing Storage Facility:

Geotechnical data have been developed previously for the Tailing Storage Facility dam for

of the dam along with regular inspections and maintenance procedures. However questions
remain regarding the impoundment area upstream from the dam includingEsepth of tailings at
various locations and the piezometric conditions within the impoundment._ Such information is
required to evaluate the effectiveness of impoundment capping alternatives to determine the
amount of material required for capping following consolidation and the stability of capping
scenarios. The No Action alternative would need to more fully evaluate the liquefaction
potential of the tailing materials, which would require further information regarding the extent
and characteristics of the impoundment.

Visual assessments of the tailing dam movement and erosion characteristics have been made
during periodic safety inspections, which provide qualitative information regarding the surface
conditions. However, questions remain regarding quantification of dam movements over time,
and addressing such questions would be necessary for FS evaluations of long-term stability in
addition to piezometer data and visual assessments.

state-of-the-art finite element analyses of the embankment and foundation stress conditions
considering updated seismic studies, and detailed seepage analyses through the impoundment
embankment and foundation. Additional data for such analyses would not be required for FS
evaluations involving capping and removal of the impounded water in the facility. However, a
No Action alternative including a long-term impounded reservoir should include such
evaluations, and therefore would require further definition to complete the evaluations. If a No
Action alternative is selected, additional field and laboratory geotechnical investigations would
| be recommended beyond those described in this document,,
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Analyses of FS alternatives involving diversion of Rainey Creek around the Tailing Storage

Facility will require an assessment of the stability of such diversions as well as final hydrologic

studies to determine peak design floods and to verify peak design flows. The long-term stability

of a diversion dam and channel system would be critical to the long-term effectiveness of a M

diversion system. Various questions regarding stability of potential diversion dam and diversion : Kwp (A
channel locations will need to be addressed. These should be addressed through careful field b=

visual assessments followed by limited field investigations as necessary. - No= 3
B &
" Coarse Tailing Pile: g«g -b
S . ”Tem"
' Varj'ous questions regarding long-term closure scenarios of the Coarse Tailing Pile remain.
These include the questions regarding long-term erosion from the pile and overall stability. W

Basic engineering data such as coarse tailing geotechnical index parameters are needed for the

Coarse Tailing Pile to analyze potential remedial alternatives in the FS. Basic index parameters .- -{ Deteted: for

such as grain size analyses are needed to assess the stability and long-term erosion characteristics
of the Coarse Tailing Pile. In addition, the existing volume of coarse tailings needs to be
estimated for detailed analyses required by the FS. Test pits through coarse tailing materials to-
underlying native materials would be necessary at a few locations to develop this estimate.

The 6ver-steepened area of the Cparse Tailing Pjle east of the tailing impoundment has not been f Deleted: ¢

adequately defined to evaluate remedial alternatives for an FS. Therefore, additional “:::'{ Deleted: ¢

investigations such as a geologic reconnaissance followed by settlement monuments or possible { Deleted: p

uuy

borehole inclinometers, if movement is occurring, will be needed for evaluation of this area.
Surface Mine Area:

Questions remain regarding the Surface Mine Area which will need to be addressed for the FS

such as definition of existing conditions of the Surface Mine Area. Such conditions include _,_.---{Deleted= full

areas of wastes and areas of uncovered materials subject to erosion. The volume of residential
yard soils currently stored at the Surface Mine Area, which was removed from Libby during that
remediation, needs to be evaluated. This will require ground survey of the stockpile to estimate -
the volume of materials which could be used for partial capping alternatives at the mine or waste
rock pile areas. Basic geotechnical index parameters such as grain size analyses are also
needed to evaluate long-term erosion characteristics of the surface mine area.

Questions regarding the reported underground mine workings will need to be addressed during
the FS. However, no field explorations associated with this are recommended at this time.
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Waste Rock Piles:

Various questions remain regarding the constituents in the waste rock piles, the volume of
materials, the stability of the waste rock piles including groundwater conditions and the impacts
to adjacent land and drainages.

FS alternatives investigating the feasibility of water treatment of drainage from waste rock pile
runoff and drainage/seepage through the waste rock piles will need to consider the variability in
water quality. Any instability in the waste rock piles would likely result in the release of higher
LA (and potentially other constituent) concentrations in the drainage water. Furthermore,
significant instability of the large waste piles may potentially endanger any constructed facilities

downstream. Therefore, it is critical to the FS analyses to assess the long-term stability of the .---{ Deleted: comrecty

waste rock piles and their impact on surrounding land and Carney Creek.

The existing waste rock piles are marginally stable under static conditions. However, during
seismic conditions, or with seepage from springs or high groundwater conditions, they would not
likely be stable. An analysis of the long-term stability, and erosion potential, of the waste rock
piles is needed to evaluate the no action and capping/stabilization alternatives for the FS. Basic
geotechnical data such as grain size analyses and material characterization are necessary to
evaluate stability and erosion potential. The volume of materials in the waste rock piles is also
needed for FS evaluations. A higher percentage of decomposing vermiculite in a particular area
would be a weakening and therefore destabilizing element of the waste piles. Therefore, it is
necessary to evaluate the approximate percentage of vermiculite in the waste piles and to
evaluate the decomposition potential of various materials in the waste piles. FS evaluations will
need to assess the global stability of the waste rock piles and their long-term effects on
surrounding land. '

Previous investigations have identified high groundwater conditions and some artesian
conditions near the waste rock piles, in particular between the two waste pile on the east side.
The full extent of such conditions has not been defined in the vicinity of the waste rock piles.

Such information will be critical to the gvaluation of remedial alternatives. Furthermore, .-~ Deteted: comect

information regarding creep or continuing movement over time is not available for these large
structures. Therefore, field investigations including near-surface test pits, borings and
settlement/movement monuments are needed to determine these factors.

Identify the Decision

The engineering data collected during the OU3 RI Phase I1I is intended to help EPA decide if
and what remedial alternatives are feasible and necessary to protect human health and/or
ecological receptors from unacceptable risks from asbestos and any other mining-related
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contaminants at the Tailing Storage Facility, Surface Mine Area, Coarse Tailing Pile, and Waste
Rock Piles over the long term.

Identify Types of Data Needed

o

Engineering data needed for the various areas at OU3 include:

» Boring logs and test pits with associated logging in accordance with generally accepted
ASTM standards and Cone Penetrometer Testing (CPT) in the tailing impoundment area;

e Subsurface soil sampling for bulk samples and relatively undisturbed samples;

e Geotechnical laboratory testing for index parameters such as grain size analysis and
Atterberg Limits and strength/durability characteristics as necessary depending upon
location of sampling; '

o Installation of piezometers and groundwater monitoring wells for assessment of
groundwater and phreatic surfaces through the various facilities;

e Geologic reconnaissance and field inspection of existing conditions is needed in some
areas as a first step in evaluation of long-term stability;

¢ Installation of settlement monuments, or borehole inclinometers if determined to be
necessary, at various locations to assess long-term embankment and waste pile/hillside
stability concerns; and

e Survey data to determine the location and elevation of borings, test pits, monitoring

wells, piezometers and settiement monuments or inclinometers and to verify existing
slope conditions at the facilities.

Define Bounds of Study

The spatial bounds of the study include the tdtal areas currently occupied by the Tailing Storage
Facility, Coarse Tailing Pile, Surface Mine Area, and Waste Rock Piles at OU3.

The temporal bounds of the study will include one season of geotechnical sampling and

monitoring new monitoring wells and settlement monuments, or borehole inclinometers, as
applicable during a typical range of annual groundwater conditions.
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Define the Decision Rule

The quality and results of engineering data from OU3 will not be used to determine if remedial
action is necessary. However, used in combination with the decision rules for human and
ecological risks and for potential environmental impacts, the decision to recommend a particular
remedial action will be made. :

Define Acceptable Limits on Deéision Errors

Acceptable limits on decision errors for engineering data from OU3 will be based on established
engineering principals, accepted ASTM standards and engineering judgment. Typically, if data
are within reasonable limits for the type of material sampled and within the range of previous
data for similar materials or previous data for the facilities, the data will be accepted.

Optimize the Design

The sampling design is based on the DQO process, the site characteristics and scale, and
anticipated needs to support identification and evaluation of remedial alternatives in the FS
process. Locations of investigation and sampling points may be varied somewhat in the field
from the plan depending upon field conditions encountered.

54 Sampling Design

The sampling design-includes various field geotechnical cone penetrometer tests, borings and
test pits with associated logging, sampling and testing of soils, tailings and waste rock from the
borings and test pits. The approximate location of the test pits and borings are shown on Figure

" 5-1 and the program is summarized in Table 5-1. Ranges of sample numbers are provided. The
lower number indicates the minimum requirement. If the material is heterogeneous more
samples than the minimum may be required based on field observation. Depending upon initial
field investigations in various areas, additional geotechnical investigations may be necessary in
addition to those indicated on Table 5-1. Such areas may include the potential diversion

Coarse Tailing Pile.

Additional field geologic reconnaissance and inspection of existing conditions of various areas
will also be performed as will land surveying of various features.’

The location and elevation of all borings and test pits will be determined using survey-grade
global positioning system (GPS) equipment. This equipment should provide the state plane
coordinates to the nearest tenth of a foot and should provide the elevations to the nearest tenth of
a foot based on feet above mean sea level.
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All excavated test pits and boring cores will be documented with dlgltal photography as
necessary for each of the sampling locations.

Tailing Storage Facility -

MOasTw L._7 MO

Previous investigations at the Tailing Storage Facility jncluded a total of 10 borings developed
for the 1992 geotechnical stability investigation of the impoundment dam. A total of 14
piezometers are annually monitored for dam safety inspections, none of which are within

impounded tailings upstream of the dam. The original tailing dam design also included a series’ o w H‘""Y ?

of borings in the vicinity of the dam which identify bedrock.

A total of three cone penetrometer tests (CPT) are proposed at the Tailing Storage Facility
impoundment to verify the thickness and characteristics of the impounded tailing materials and
subsurface conditions: at the upstream area (approximately 500 feet upstream of the
embankment) where a levee was proposed in the 1992 report, one approximately 1,000 feet
upstream from the dam and one approxunately 2,000 feet upstream from the dam as shown on
Figure 5-1. The location of these CPTs is approximate and may vary in the field depending upon
acce551b111ty

Use of CPT methods should utilize low-ground-pressure equipment to access areas not possible
with a conventional drill rig. This method does not extract samples of subsurface materials for

laboratory testing, but rather utilizes electronic friction cone or piezocone equipment to record < O-P

the penetration resistance of subsurface strata. This data presents a qualitative correlation to

physical properties of materials present such as shear strength, bearing capacity, void ratios and- wervt

pore pressures. Since data is continuously recorded, the depth, thickness and variation in the Recard e
stratigraphy provide a complete profile of the materials encountered. The CPT data will be LLere

presented in standard format for each location with associated analyses of the data.

The existing non-functional piezometer in the impoundment area (P-0) should be repaired as
necessary to assess the piezometric conditions in that area. It is recommended that a vibrating
wire piezometer be installed to monitor pore pressure changes in the tailing materials. Such
instruments provide a better assessment of piezometric conditions than open-tube piezometers in
fine-grained materials such as tailings. Vibrating wire piezometers will be stainless steel units
with durable pressure transducers capable of measuring pore pressures from -50 to 1,000
kilopascals (kPa; 145 pounds per square inch, psi) with an accuracy of plus or minus 0.1% full
range. The unit shall be hermetically-sealed with durable cables and data loggers as necessary.
The piezometer will be adequately protected with locking steel casings and concrete collars as
necessary.

At least one concrete settlement monument will be placed on the tailing dam crest at the
maximum section and will be surveyed to establish baseline data. This will provide needed
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" quantification of embankment mpvements to complement and verify visual assessments and
piezometer readings during periodic inspections. This will be a 10-inch diameter by 48-inch
deep concrete cylinder installed vertically with the top approximately 3 inches above the existing
ground surface. It may be either cast-in-place or precast concrete constructed with concrete
having a minimum 28-day compressive strength of at least 3,500 pounds per square inch (psi).
The top surface will have an embedded brass survey marker and will be surveyed for horizontal
and vertical control from existing benchmarks; to the nearest 0.01 ft. _Subsequent surveyed )
readings should then be performed twice per year through the FS period and following final WHAT & ry
remedial action. A survey point on the existing concrete principal spillway structure should also AcenrrA B ic .
be established with associated baseline data.

Visual assessments of existing ground conditions along potential diversion dam and diversion
channel alignments for Rainey Creek upstream and adjacent to the Tailing Storage Facility will

need to be made as a first step. If determined to be necessary during visual assessments, various | '® THS Ascoc. "’/ .

test pits may be excavated at the potential diversion dam and channel locations with associated A CAR I
logging and sampling for index parameters. Ql SRSt

_ _ ' ?
Coarse Tailing Pile : A’L‘rbtml‘c’r’ “w.

Geotechnical investigations for the Coarse Tailing Pile will require four test pits. Approximate
locations of the test pits are shown on Figure 5-1. The location of the test pits may vary in the
field depending upon accessibility.

" The test pits will be excavated with a large backhoe (track-hoe) to depths of approximately 10 to
12 feet. Slopes of test pits will be laid back to provide safe conditions as required by OSHA.

- The test pits will be logged by an experienced geologist or geotechnical engineer. Bulk samples
of coarse tailing materials and underlying materials will be obtained and relatively undisturbed
hand-driven'samples will be obtained as possible. The hand-driven samples will be collected in
2-inch diameter by 4-inch long brass or stainless steel tubes. Alternatively 3-inch diameter by 6-
inch long brass or stainless steel tubes could also be used.

Two test.pitsjshould be excavated near the toe of the Coarse Tailing Pile: one approximately 100
to 200 feet west of the pond and another ‘approximately 800 to 1,000 feet west of this. These
should be excavated to the base of the coarse tailing. Another test pit should be excavated about
mid-way up the Coarse Tailing Pile slope in a relatively stable area and another should be
excavated near the top of the Coarse Tailing Pile.

Bulk samples of cover soils, coarse tailing and subsurface materials should be collected from the
test pits, as applicable. These samples should be tested for index properties including grain size
analyses and Atterberg Limits as necessary depending amount of fines in the sample. In general,
if the sample contains less than 10 percent fines (silt and clay passing the No. 200 sieve),
Atterberg Limits will not be required, and the grain size analyses only need to be on the plus 200
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sieve sizes. It is estimated that approximately 4 or 5 index property tests will be required, and ..--{ Deleted: 6
that 4 moisture density tests will be performed on relatively undisturbed tube samples. In " { Deleted: 0 10
addition, approximately 3 or 4 samples of existing cover soils should be tested for organic _
content. An assessment of the areal extent and thickness of existing cover soils will be made for

the entire Coarse Tailing Pile Area.

—_A

A geologic reconnaissance will be performed in the over-steepened area of the Coarse Tailing
Pile as a first step. This reconnaissance should evaluate all surface conditions including visible
surface features, seeps, if any, and evidence of movement with associated digital photographic
documentation. A land survey should be performed of the over-steepened area including the
adjoining land on both sides, above and below the area. If determined to be necessary following
the initial investigations, settlement monuments will be installed at selected locations to monitor
. movement of the area over time. If movement of the over-steepened area is occurring,
inclinometer(s) may be installed to further evaluate movements at depth.

Surface Mine Area

"The Surface Mine Area will be investigated with a series of test pits as shown on Figure 5-1. ..--{ Deteted: for the Fs D
Four test pits are recommended in the Surface Mine Area with associated logging and sampling A
of cover soils, mine wastes and subsurface materials. The thickness of cover soils should be Aac Kes —

recorded at each location and the soil horizon should be logged as necessary. me s '

Bulk samples of surface soils and subsurface materials should be obtained for index testing: wee . o Syplalr
grain size analyses and Atterberg Limits, and for in-situ moisture density, as necessary. Itis

: 1 eo&
estimated that approximately 4 to S samples will be obtained for testing index parameters_and EG,T( e
that 4 relatively undisturbed tube samples will be tested for moisture-density . Additionally, Aesre o< Q“wa
cover soils should be tested for organic content. It is estimated that approximately 3 to 4 samples LA Loy drer— TO
will be tested for organic content. An assessment of the areal extent and thickness of existing

cover soils will be made in the Surface Mine Area. trosien ,
The existing stockpile of residential soils will be surveyed to obtain an accurate volume of such A"é""h o+ &“ <«
materials. Marrer A 7

' T e & S

Existing groundwater monitoring wells at the Site are being sampled as part of the RI. Data from

this sampling will be used in the assessment of conditions in the Surface Mine Area and Waste __.--- Deleted: The two previous mommﬂns
wells (MW-1 north of the Glory Hole and

Rock Pile Area,,
TS TTITIIToIoIIoToIIITinTnononeniiimTienes Deleted: MW-2 near an old waste
. landfill) will be identified and monitored
.| for ground levels and [ led for
| water quality parameters] <<Andy
Mine Waste Rock Piles " Dellted: 77> This il be important o
fully ch ize the gr
conditions under the Surface Mine Are
The three Waste Rock Piles will be investigated _through a series of four test pits and three and the Waste Rock Pile Areas
borings with two monitoring wells. The five test pits will include two or three on WRP-1 and *{ Deleted: for the Fs t ]
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one each on WRP-2 and WRP-3. Two or three of the test pits will be excavated near the top of
the Waste Rock Piles and the remainder will be excavated in lower, accessible portions of the
Waste Rock Piles.

One boring is proposed at the top of WRP-1 to assess the thickness of mine waste and subsurface
soil horizon for stability. These borings should extend at least 5 feet into the native materials
beneath the Waste Rock Pile for confirmation purposes. One boring each will be advanced
through WRP-2 and WRP-3 within a few hundred feet of the previous borings which indicated
artesian groundwater conditions. These should be located up-gradient and down-gradient of the
previous boreholes performed in the Zinner Study Area 1. The exact locations will be field
selected based on accessibility. Approximate locations of borings, monitoring wells and test pits
shown on Figure 5-1 may vary in the field depending upon accessibility.

Two of the borings, in the WRP-2 and WRP-3 areas, will be developed as monitoring wells with

5 to 10 feet screened intervals within the groundwater zones encountered. It is anticipated that ?
this will require 2-inch diameter Schedule 80 PVC casing. The MWs should be developed as W "‘7’ .
necessary and monitored at least quarterly during the FS evaluation period. These monitoring :
wells should have protected steel pipe sections above ground surface with locking tops and

concrete slabs at ground surface.

Three settlement monuments will be installed in the WRP areas to assess movement of these
structures over time. These will be 10-inch diameter by 48-inch deep concrete cylinders
installed vertically with the top approximately 3 inches above the existing ground surface. These
may be either cast-in-place or precast concrete constructed with concrete having a minimum 28-
day compressive strength of at least 3,500 pounds per square inch (psi). They will have brass
survey markers embedded in the top and will be surveyed for horizontal and vertical control
from existing benchmarks, to the nearest 0.01 ft. '

Bulk samples of cover soils, waste rock and subsurface materials, as applicable should be
obtained and tested for index parameters of grain size and Atterberg Limits, compaction and

organic content of cover soils as necessary. It is estimated that approximately 10 to 12 index _..--{ Deleted: 5 )
tests will be required, ghat approximately 3 or 4 organic content tests and that 3 or 4 compaction _~{Deleted: s )
tests will be required. The size of bulk samples may vary from large zip-lock plastic bags for "+ Deleted: and )

index and organic content tests to 5-gallon bucket samples for compaction tests. An assessment
will be made of the approximate volume of vermiculite in the Waste Piles based on visual

assessments and sampling of borings and test pits.

Relatively undisturbed samples from borings or test pits will also be tested for in-situ moisture
density, These in-situ moisture density tests will provide a definition of existing material

conditions throughout the waste rock piles and some will be compared to the compaction tests fo ’__.—-{De'et&ﬁ and compaction

estimate the existing degree of compaction of materials. In addition, samples will be tested for
strength to assess short and long-term stability of the Waste Rock Piles. The decomposition
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potential of materials within the waste rock piles will be evaluated through the use of freeze-
thaw or slake-durability tests of selected samples of materials._It is estimated that 2 freeze-thaw
tests and 2 slake-durability tests will be performed.

Data from existing monitoring wells MW-1, MW-2 and previous well information from the

~Zinner Report, in addition to new monitoring wells to be installed will be utilized to gain a better
understanding of the geo-hydrologic conditions in the Surface Mine-Waste Rock Pile-Carney
Creek area. Conceptualization and characterization of the groundwater system in the project area
will be performed in accordance with accepted standards.

5.5  Analytical Requirements

The latest revision of the ASTM standards should be followed for all geotechnical soil and rock
sampling and testing procedures. The following ASTM standards will be followed in sampling
and analysis of geotechnical samples from OU3:

e Geotechnical Field Work should be performed in accordance with ASTM D-420 (Site
Characterization for Engineering Design and Construction Purposes).

¢ Geologic reconnaissance procedures should be performed in accordance with standard’
ASTM procedures (Part 4.5 of ASTM D420-2003).

e Subsurface soils encountered in test pits and borings should be logged by an experienced
geologist or geotechnical engineer in accordance with ASTM D-2487 (Classification of
Soils for Engineering Purposes; Unified Soil Classification System) based on visual-
manual procedures specified in ASTM D-2488 (Description and Identification of Soils;
Visual-Manual Procedure).

e Standard penetration tests during boring shall be performed in accordance with ASTM D-
1586 (Standard Test Method for Penetration Test and Split-Barrel Sampling of Soils).

o Cone penetrometer testing shall be performed in accordance with ASTM D-5778
(Standard Test Method for Performing Friction Cone and Piezocone Penetration Testing
of Soils).

e Relatively undisturbed cohesive soil and tailings samples should be obtained using a
Shelby Tube in accordance with ASTM D-1587 (Standard Practice for Thin-Walled Tube
Geotechnical Sampling of Soils)

¢ Grain size analyses of soils should be performed in accordance with ASTM D-422
(Standard Test Method for Particle-Size Analysis of Soils) for sieve and hydrometer
analyses.
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Atterberg Limits tests should be performed in accordance with ASTM D-4318 (Standard
Test Methods for Liquid Limit, Plastic Limit and Plasticity Index of Soils).

Relatively undisturbed samples should be tested for in-situ moisture and density in
accordance with ASTM D-2216 (Standard Test Method for Laboratory Determination of
Water [Moisture] Content of Soil and Rock by Mass) and ASTM D-2937 (Standard Test
Method for Density of Soil in Place by the Drive-Cylinder Method).

Standard compaction tests for waste materials should be performed in accordance with
ASTM D-698 (Standard Test Method for Laboratory Compaction of Soil Using Standard
Effort; Standard Proctor).

Relative density of cohesionless granular materials, if any, should be tested in accordance
with ASTM D-4253 (Standard Test Method for Maximum Index Density and Unit
Weight of Soils Using a Vibratory Table) and ASTM D-4254 (Standard Test Method for
Minimum Index Density and Unit Weight of Soils and Calculation of Relative Density).

Direct shear tests of undisturbed and remolded soils should be performed in accordance
with ASTM D-3080 (Standard Test Method for Direct Shear Test of Soils under
Consolidated Drained Conditions).

Slake-Durability tests, if performed on materials obtained from the waste rock piles,
should be performed in accordance with ASTM D-5312 (Standard Test Method for Slake
Durability of Shales and Similar Weak Rocks).

Freeze-Thaw tests, if performed on materials obtained from the waste rock piles, should
be performed in accordance with ASTM D-4644 (Standard Test Method for Evaluation
of Durability of Rock for Erosion Control under Freeze-Thaw Conditions).

Organic content of soils should be performed in accordance with ASTM D-2974
(Standard Test Methods for Moisture, Ash, and Organic Matter of Peat and Other
Organic Soils).

Monitoring wells will be installed in accordance with ASTM 5092 (Design and
Installation of Ground Water Monitoring Wells in Aquifers).

Vibrating wire piezometers will be installed in accordance with USBR or U.S. Army
Corps of Engineers requirements.
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¢ Borehole inclinometers, if any, will be installed and monitored in accordance with ASTM
D-6230 (Test Method for Monitoring Ground Movement Using Probe-Type
Inclinometers). ’

¢ Groundwater conditions in the Surface Mihe and Waste Rock Pile Areas should be
evaluated in accordance with ASTM D-5979 (Standard Guide for Conceptualization and
Characterization of Ground-Water Systems).

Quality control will be performed on a continuous basis by site personnel as work progress in the
field. Field record books will be maintained as necessary and field logs will be maintained and
copied daily to eliminate the possibility of lost data. Approximately 5 to 10 percent additional
samples will be collected in the field, beyond those specified, for later testing if test results
appear to be in error.

Samples will be handled, packaged, labeled and shipped to the testing laboratory in accordance
with accepted ASTM and EPA standards. All testing by the laboratory will be performed in
accordance with accepted ASTM standards including all required data and information reporting
required by the standards.

Field logs of borings and test pits will be reviewed and corrected as necessary based on the
laboratory testing. The geotechnical report will be developed by consultants for W.R. Grace and
reviewed by the various parties involved in the program. '

Surveying for location and elevation of borings and test pits will be performed in accordance

with accepted survey standards of the American Congress on Surveying and Mapping (ACSM)
and the National Society of Professional Surveyor (NSPS).
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Table 5-1 — Summary of Geotechnical Investigations

Boring, Bulk Undisturbed Index Moist Comp Strength Rock Durability Organic Piezometer or | Comm
Test Pit or Samples Samples Tests Density Tests Tests Tests Content Monitoring
Item Tests Tests Well
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CTP denotes Coarse Tailing Pile S-D denotes Slake-Durability Test
SMA denotes Surface Mine Area vwd Vibrating Wire Pi
WRP denotes Waste Rock Pile
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Libby SAP Phase III DRAFT- 25MAY09
Section 5 — Other Data Needs

Input to Revisions for Data Quality Objectives, Section 5.3

Tailing Storage Facility

Geotechnical data have been developed previously for the Tailing Storage Facility dam for
stability and safety evaluations. Such data appear to be acceptable for defining the general safety
of the dam along with regular inspections and maintenance procedures. However questions
remain regarding the facility and data is needed to answer such questions for FS evaluations,
including:

e What is the thickness of tailings within the impoundment? This is required to estimate the
volume of tailings. This question can be answered by performing Cone Penetrometer
Tests (CPT) within the impoundment.

e What is the consistency of the tailings at various depths within the impoundmenf? This is
required to evaluate stability and liquefaction potential and can also be answered by the
CPTs.

e What are the piezometric conditions within the impoundment upstream from the dam
embankment? This is required is determine the stability, seepage conditions and
liquefaction potential of the impoundment. This can be answered by the CPTs in
combination with repair and measurement of the existing piezometer (P-O) within the
impoundment area along with installation of a vibrating wire piezometer at this location.

e What is a quantified amount of movement of the tailing dam over time? This is required
to verify long-term stability in addition to visual assessments. This question can be
partially answered by installation of a surface settlement monument on the dam crest.

[Would the diversion of Rainey Creek around the facility be a feasible, stable alternative? This
question may be answered for the FS evaluations by a careful visual assessment of potential
diversion dam locations upstream from the impoundment along with assessment of potential
diversion channel routes followed by test pits if necessary <<This would not be necessary for the
No-Action Alternative but may be important to correctly assess the alternative which includes
diversion of Rainey Creek.]

Coarse Tailing Pile

Various questions remain regarding the Coarse Tailing Pile for FS evaluations including:
_ : 1




e What is the thickness of Coarse Tailing Pile materials? This is required to estimate the
volume of materials within the Coarse Tailing Pile and can be answered with a series of
test pits throughout the facility excavated to native materials beneath the tailing materials.

e What are the characteristics and variability of materials within and over the Coarse
Tailing Pile? This is required to determine the long-term erosion botential and stability
of the facility. This can be answered by sampling of materials and testing for index
geotechnical characteristics such as grain size analysis and Atterberg Limits.

e What are the stability and conditions of the over-steepened area of the Coarse Tailing
Pile? This is required to evaluate the long-term stability of the area. This may be
answered by a complete initial geologic reconnaissance of the area based on standard
protocol with an associated report, followed by surface settlement monuments or
borehole inclinometers if determined to necessary. -

‘Surface Mine Area
Various questions remain regarding the Surface Mine Area including:

o What is the wind and water erosion potential of the surface mine area? This is required
for FS evaluations and may be answered by test pits and sampling near surface materials
for index parameters.

e What is the global stability of the surface mine area. This is required to assess the long-
term stability of the area particularly the area with benching and side slopes and can be
answered by geotechnical analysis of samples from test pits. '

e What is the volume of residential yard soils currently stored at the Surface Mine Area?
This is required to determine the amount that may be used to place as cover over
presently uncovered portions of the area. This can be answered by performing a ground
survey of the soil stockpile. :

Waste Rock Piles
Various questions remain regarding the Waste Rock Pile Area including:

o What is the thickness of the waste rock piles throughout the area? This is required to
estimate the volume of the waste rock piles and can be answered utilizing data from
boreholes developed through the wastes into the subsurface soils.
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What is the composition of the waste materials, particularly the amount of decomposing
vermiculite? This is required to determine the overall strength of the waste piles which is
important to know to assess the long-term stability of the piles. This can be answered by
obtaining samples of the wastes from borings and test pits and testing the materials for
index geotechnical parameters and rock/soil types.

What is the in-situ density of fine-grained materials in the waste rock piles? This is
important to know to assess the long-term stability and creep potential of the waste rock
piles and their impact on the surrounding land. This can be answered by analyzing
moisture and density of relatively undisturbed samples of materials obtained from
boreholes and test pits and comparing them with compaction test data on disturbed
samples of waste rock materials.

What is the amount of LA asbestos in the waste rock piles at various depths? This is
required to determine the potential release of materials into the environment and also the
stability of the piles. This can be answered by sampling materials from various depths in
* borings and test pits and testing for LA. '

What is the impact of high groundwater and potential artesian conditions on the waste-
rock piles, particularly those adjacent to previously reported high groundwater and
artesian conditions (between WRP-2 and WRP-3; Zinner “Area 1)? This is required to
assess the impact of potentially high piezometric conditions on the long-term stability of
the waste rock piles, and to assess the potential for hydraulic release of LA materials to
the environment from high groundwater conditions. This can be answered by installing
boreholes with monitoring wells into WRP-2 and WRP-3 adjacent to the previously
reported high groundwater and artesian conditions between these waste rock piles.

What is the quantified movement of the waste piles over time? This is important to know
to verify existing stability of the piles in addition to visual assessments, and can be
partially answered by installation of surface settlement monuments at key locations on
the waste piles.
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5.0 OTHER DATA NEEDS FOR RI/FS

Additional geotechnical data are needed to support characterization of site conditions and
evaluation of remedial alternatives in the FS. The long term effectiveness of the No Action
alternative will require information to assess the stability of mine features and their potential to
release materials into the environment. Potential source areas to be investigated are identified as
follows:

o Tailing Storage Facility;
e Coarse Tailing Pile;

e Surface Mine Area; and
e Waste Rock Piles.

This section addresses the data requirements, data quality assessment, data quality objectives,
sampling design, analytical requirements and quality control that are needed for the required
geotechnical data at OU3.

S.1 Data Requirements

This section presents the background information necessary to assess the geotechnical
engineering data requirements for OU3 RI/FS. This information is developed from various

sources. -

Tailing Storage Facility

The Tailing Storage Facility on Rainy Creek is impounded by a high-hazard, 135-feet high dam
(127 ft reported by Harding, Lawson and Associates [HLA}], 1992), initially constructed in 1971
with a 50-feet high starter dam (Schafer and Assoc., 1992). The dam is classified as high hazard
due to its size and presence of hazardous constituents. The tailing dam is also known more
recently as the Kootenai Development Impoundment Dam (Billmayer Engineering, Inc. 2007a)
and previously as the W.R. Grace Vermiculite Tailings Impoundment or the W.R. Grace Dam,
Rainy Creek, Montana (Schafer and Associates, 1992 and HLA, 1992). Most recently the
tailing dam has been called the Kootenai Development Impoundment Dam (KDID) in the 2008-
2009 periodic Owners’ inspection report (Billmayer & Hafferman, 2009)

The Tailing Storage Facility covers an area of approximately 53 acres (75 acres at maximum
flood pool), a portion of which contains open water area of several acres depending upon the
inflow to the impoundment. The volume of impounded water at the emergency spillway crest is
approximately 937 acre-feet and the volume at the dam crest is approximately 1,302 acre-feet
(Schafer and Assoc., 1992). The impounded water is typically approximately 500 feet upstream
of the tailings dam; however, during extreme flood events water could be impounded adjacent to
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the dam. The impounded water discharged over the spillway during the 2008 spring runoff
period, and typically discharges during normal precipitation years.

The original tailing dam designer was HLA and Bovay Engineers, Inc. which performed the
design in 1971 (Bovay Engineers, Inc. and Harding, Lawson Associates, 1971). Several
drawings were reviewed from this design including design drawings from 1979 (W.R. Grace
Co., 1979). The original design drawings indicate a 50-feet high starter dam with 2:1 side
slopes, a 40-feet wide crest and a downstream chimney drain. The drainage system is shown
starting upstream from the starter dam and extending along the foundation through each dam
raise. Perforated cross drains are shown in the foundation for the Phase 1 and Phase 3
downstream embankment raises. Initial embankment materials are shown as “Zone 3 and
abutment excavation” material, although no further description of these materials is given to
identify if they are silty gravels, sands or clays etc. The drawings indicate three downstream
raises of approximately 10 to 25 feet (Phases 1, 3 and 5) and two smaller centerline crest raises
of approximately 5 to 10 feet (Phases 2 and 4). The fourth centerline raise to El. 2900 ft AMSL
occurred in 1979 (Shafer and Associates, 1992). The fifth raise to El. 2926 ft AMSL is shown as
a downstream raise apparently performed in 1981 (Billmayer & Hafferman, 2009). The
downstream slope is shown as 2:1 with two benches each 10 feet wide. The centerline of the
starter dam is shown as approximately 100-feet upstream from the 1979 dam crest centerline.
The maximum design height of the embankment appears to have been 200 feet with downstream
raises (Billmayer & Hafferman, 2009). Therefore, the current embankment height is
approximately 67 percent of the final intended design height.

The crest length is approximately 1,100 feet, a concrete box culvert with principal spillway
discharge is located on the left (east) abutment and an emergency spillway at a higher elevation
is located on the right (west) abutment. The principal spillway has an outfall to Rainey Creek
below the dam and the emergency spillway does not appear to have an outfall to the creek.

It appears from original drawings that foundation stripping up to about 5 feet in the valley
bottom was performed to remove surface silts and that the abutments were stripped and benched.
Original gravel blanket drains are shown in the design with perforated pipes to the downstream
face, which were extended and added to-during subsequent raises. Coarse tailing materials from
the over-steepened area of the Coarse Tailing Pile were reportedly used in one or more of the
dam raises. However, it is not clear where the coarse tailings might have been used in the
embankment. Materials used for each embankment raise, whether centerline or downstream, are
not defined in the available drawings.

A series of eight boreholes to maximum depths of about 55 feet below original ground surface
and 4 test pits to a maximum of about 17 feet below ground surface (ft bgs) are shown on the
1971 drawings in the vicinity of the starter dam and downstream of the starter dam. The borings
do not have SPT values and do not indicate consistency of materials (loose, dense, very dense
etc.). Silt depths of up to 5 feet are indicated underlain by gravelly sand to sandy gravel of
unknown consistency. The pyroxenite bedrock underneath the dam appears to be approximately
26-36 ft bgs. Bedrock on the right side near the west abutment appears to be deeper, about 40 to
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45 ft bgs. Bedrock on the right abutment appears to be about 12 to 18 ft bgs and on the left
abutment appears to vary from about 8 to 12 ft bgs. The rock is only about 1 ft bgs further up the
left abutment area. A zone of silts and clays is indicated at depths of approximately 19 to 26 ft
bgs and 35 to 37 ft bgs near the right abutment downstream toe. It is not indicated if these are
soft zones. No test pits or borings are indicated in the impoundment area.

Tailings consist of interbedded layers of soft to stiff elastic silt (60%) and loose to medium dense

poorly-graded sands and silty sand (40%) with mica and pyrite flakes. Based on two borings in -

the east side of the impoundment, the maximum thickness of tailings in the impoundment is
approximately 70 to 75 feet (HLA, 1992). Confirmation of these depths and estimation of depth
variations over the impoundment area, particularly further upstream, have not been performed.
The loose silty sand tailing materials are reported to have liquefaction potential during seismic
events (HLA, 1992).

Embankment soils reportedly consist of dense to very dense, well graded silty sands. The overall
downstream embankment slope is shown on stability models to be approximately

4(horizontal): 1(vertical), although existing slopes appear to be steeper than this. The right
abutment is underlain by a thick blanket of glacial outwash and till from a few feet to 40 feet
thick. The left abutment slope is blanketed by a relatively thin mantle of slope debris and
remnants of a lateral moraine near the base of the canyon slope with an intermediate 4-feet thick
zone of highly permeable, relatively clean sand. Natural foundation soils consist primarily of
dense to very dense poorly-graded gravels, dense to very dense poorly-graded sands and
moderately hard, friable pyroxenite bedrock with abundant magnetite and pyrite (HLA, 1992).

The surface discharge from the tailing impoundment discharges through a reinforced concrete
principal spillway at a crest elevation of 2,897 ft AMSL located on the left (east) abutment. An
inlet channel presently extends from the pond several hundred feet upstream from the dam crest
to the principal spillway inlet. The principal spillway consists of an 8-feet wide by 4-feet high
concrete box culvert approximately 169-feet long and an 8-feet wide by 3-feet high concrete
discharge channel approximately 965-feet long with a concrete and riprap outfall. The principal
spillway has a reported full-channel discharge capacity of 731 cubic feet per second (cfs) with

- the water surface at the dam crest. The concrete structures are reported to be partially cracked
with some rocks and debris near the inlet.

The principal spillway and an emergency spillway, located on the right (east) abutment, are
reportedly designed for one-half of the probable maximum flood (1/2-PMF; Schafer and Assoc.,
1992). The peak inflow from the total Rainy Creek and Fleetwood Creek upstream drainage area
(9.4 square miles) for the ¥2-PMF event was computed to be 5,838 cfs. The storage capacity of
the impoundment was estimated to be approximately 1,302 acre-feet at the dam crest (Schafer
and Assoc., 1992). Routing the 2-PMF flood hydrograph through the reservoir resulted in a
peak discharge flow significantly lower than the peak inflow, and the present system of concrete
principal spillway on one abutment and earth-riprap emergency spillway on the other abutment
was recommended and constructed in the early 1990s. The emergency spillway is reported to be
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approximately 35-feet wide by 380-feet long with riprap erosion protection at an elevation of
approximately 2,922 ft AMSL. The capacity of this emergency spillway with the water surface
at the dam crest is reported to be 1,129 cfs (Billmayer & Hafferman, 2009). Thus, the combined
discharge capacity of the principal and emergency spillways is approximately 1,860 cfs.

Recent risk-based analyses of the tailing dam concluded that the potential loss-of-life is 0.41
(Billmayer & Hafferman, 2009). Based on the current Montana spillway standards, the spillway
design flow is therefore downgraded to an inflow design flood having a recurrence interval of
500 years. Analyses performed for this flood event determined the peak inflow from Rainey and
Fleetwood Creeks to be 351 cfs utilizing USGS regression equations for Montana stream peak
flows. This method provides an approximate method of determining peak flow with a standard
error of prediction of approximately 67 to 79 percent. Therefore, based on this analysis, the
existing peak design flow of 1,860 cfs for the spillway system, which is based on the 2-PMF
inflow, is well in excess of the latest peak inflow from the 500-year flood event. Analyses were
performed assuming loss of upstream vegetation due to a forest fire with a ground cover of
approximately 20 percent. The peak inflows for this condition were estimated to be
approximately 851 cfs. Environmental risk analyses have not been performed for the tailing
storage facility.

By comparison, previbus studies performed using a hydrograph analysis with full forest

~ vegetation conditions and an overall hydrologic Curve Number of 60, estimated the combined
peak flow from the 100-year, 24-hour storm event in Rainy and Fleetwood Creeks to be
approximately 460 cfs (Schafer and Assoc., 1992).

Several open-tube piezometers are located in and near the dam embankment, which indicate
either dry conditions or relatively low water levels. The maximum phreatic surface is reported to
be approximately 94 feet below the crest of the dam, or approximately 40 feet above the base of
the dam. One piezometer (P-2) is reported to fluctuate several feet each year and up to a
maximum of approximately 33 feet. A piezometer at the dam toe (A-8) indicates piezometric

- surfaces varying approximately 5.5 feet at that location. The peak of the highest phreatic water
surface each year corresponds to the peak of the snowmelt/rain runoff in the area in the late
spring. Only one piezometer is located within the tailing impoundment, which is reported to
have not been measurable the last few dam inspections. This piezometer (P-O) consists of a 2-
inch diameter PVC casing with two Y4-inch tubes inside, and appears to require compressed air
for reading (Billmayer & Hafferman, 2009).

A series of seepage-control pipes are located on the downstream embankment which have been
maintained periodically (Billmayer, 2007a). The most recent dam inspections in December 2008
and January 2009 reported on each of the twelve seepage pipes exiting the downstream
embankment (Billmayer & Hafferman, 2009). This report also discussed the various
piezometers in and near the dam embankment. It was concluded that the drains and the phreatic
surface indicated by the piezometers follow the yearly surface water flow fluctuations. It was



further concluded that the majority of the volume of stream flow upstream of the tailing
impoundment infiltrates the tailings and subsequently reports to the toe drainage system. A
portion of the surface flow also discharges through the principal spillway during the late spring
most years.

A surface water, piezometer and toe drain monitoring report was prepared for the water year
2008-2009 (Billmayer & Hafferman, 2010a). This report indicated approximately 1,154 acre-
feet of water flowed into the tailing facility from Rainey and Fleetwood Creeks during the period
from October 2, 2008 to October 23, 2009. Approximately 88% of this water discharged through
the toe drainage system, 10% discharged through the principal spillway and 2% was lost to
groundwater recharge. Therefore, the great majority of the inflow to the tailing facility reports to
the toe drainage system. The maximum capacity of the toe drainage system is approximately
1,800 gallons per minute (gpm) and the base flow varies from approximately 200 to 400 gpm.
This report concluded that: “lacking a means to currently cut off drain flow or bypass inflow, the
entire stability of the KDID will depend on the ability of the drains to discharge the water that
infiltrates the reservoir and upstream face of the embankment. Therefore, the safety of the KDID
will depend solely on making sure that there is always full drain flow capacity” (Billmayer &
Hafferman, 2010b).

The February 2010 B&H report described periodic water level data from 4 of the 12 piezometers
located at the tailing dam from the dam crest to the toe. Some of the existing piezometers are not
functional and some of the piezometers closer to the abutments remain dry. A summary of these
piezometer data and other groundwater well data throughout the site are presented on Table 5-1.
The dam piezometer data indicate that the majority of the seepage from the impoundment
intercepts the main toe drain system along the centerline of the dam near the maximum section.
The data also indicate that inflow to the impoundment has an almost immediate effect on the
drain flow and a slightly delayed effect on the phreatic surface through the embankment. The
recent highest phreatic surface through the embankment remained below the maximum phreatic
surface modeled in the 1992 stability analysis.

Recent inspections of the interior of the twelve toe drains were performed using a video camera
(Billmayer & Hafferman, 2010b). These inspections indicated that the toe drains are in fair to
poor condition overall. Several of the drains were crushed or had gaps in the joints or other
penetrations which allowed roots and moss in some of the drains and silt, sand and rock in other
portions. One of the drains had turbid flow and another was transporting material out of the
embankment. Inspections indicated that seepage flow was occurring outside some of the drain
pipes and soft, wet areas are present near some drain outlets. Only the largest, central metal
drain appeared to provide clear and unobstructed flow, although the pipe interior is corroded.
This report recommended further investigations of the toe drain system.

B&H (2010a) recommended that “the active piezometers and possibly drain flow could be
monitored with transducers those transducers could be wired to a transmitter sending out real

5-5




time data. Real time piezometer and transducer data would provide the best opportunity to have
real time records and real time warnings when changes in these readings indicate problems.” It
was further recommended in this report that: “a piezometer tube be installed adjacent to the
spillway and that a transducer be placed in the piezometer and monitored for at least one if not
two seasons. ” This report also recommended that a flow measuring flume be installed in
Fleetwood Creek and that additional inflow data to the tailing impoundment be obtained from
Rainey and Fleetwood Creeks. Such data would likely provide important information for long-
term planning of remedial alternatives at the tailing impoundment.
A groundwater monitoring well, Well C, is located downstream of the Tailing Storage Facility,
approximately mid-way between the facility and the downstream Mill Pond. This is a 10-inch
~ diameter well, which originally contained a pump, and is approximately 72-feet-deep.
Groundwater levels in this well have varied from approximately 22 to 25 feet below ground
surface.

Previous studies have concluded that the tailing embankment is stable during static and seismic
conditions with acceptable deformations reported for an analysis assuming a maximum credible
earthquake producing a horizontal ground acceleration of 0.30g (HLA, 1992). These analyses
were based on the state of Montana standards prior to development of the new Montana Dam
Safety Standards for High-Hazard Dams. Previous analyses appear to have utilized two-
dimensional models in 1992, Recent stability analyses, with updated seismicity conditions, do
not appear to have been performed for the structure. Finite element analyses of stress conditions
utilizing state-of-the-art models, do not appear to have been performed for the dam and
foundation.

Seepage through the dam has been identified as a potential long-term stability concern,
particularly if the impounded water is adjacent to the dam. A levee was recommended in the
1992 HLA study to be located approximately 500 feet upstream from the dam crest to prevent
the pond from reaching the dam; however, the levee was not constructed.

The Draft Environmental Assessment for the site (Montana Department of State Lands, 1992)
identified a number of concerns with a full diversion of Rainy Creek around the Tailing Storage
Facility including the following: “The full diversion alternate increases the potential for failure,
and decreases the safety of the system----Stability of the structure in a massive flood condition
would be problematic---The channels carrying the diverted flows would be very large, and
inherently less stable than smaller channels, particularly when constructed in the side of a hill as
they would be in this case. From a hydrologic and geotechnical standpoint, any channel, natural
or constructed, located above the low point in a drainage is generally not considered to provide
good long-term service...Should diversion channels become plugged, or the system fail for some
other reason, the flood flows would quickly breach the diversions and enter the impoundment”.
This opinion was reiterated in the 1992 Schafer Engineering Analysis of Flood Routing
Alternatives report.
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It was noted in the February B&H report (2010a) that the tailing impoundment and dam
structure, including the drainage system, are now decades old. It was further recommended in
this report that: “the feasibility of cutting off the drain flow, breaching the reservoir, by-passing
the reservoir, or a combination of any or all or any other feasible means of decommissioning the
KDID should continue to be investigated.”

Geotechnical data including boring logs and laboratory testing were developed for this tailings
dam during the 1992 study. Long-term maintenance of this tailings dam, to be evaluated in the
FS, will be based on existing and additional data related to the geotechnical characteristics,
confirmation of depth and extent of the tailings in the impoundment.

Coarse Tailing Pile

The Coarse Tailing Pile is located on the hillside east of the tailing impoundment and covers an
area of approximately 140 acres. Based on topographic mapping, the total height of the Coarse
Tailing Pile is approximately 700 feet and has side slopes of approximately 3:1 to 4:1. The
Coarse Tailing Pile reportedly has had some reclamation procedures applied as discussed below:
A small surface impoundment is located at the east toe of this pile covering an area of
approximately 16,000 square feet (sf). Fleetwood Creek extends along the north toe of the
Coarse Tailing Pile and storm flow events likely extend the floodplain over the toe of the Coarse
Tailing Pile although specific hydrologic/hydraulic information was not identified for review.

A portion of the Coarse Tailing Pile appears to be at the slopes of 2:1 to 4:1 and a portion,
approximately 65 acres, is reported to be too steep or over-steepened. This over-steepened
portion was reportedly the borrow source for a tailing dam raise although documentation of this
activity has not been identified. The northwest portion of the Coarse Tailing Pile extends into
the upstream portion of the tailing impoundment and may have stability concerns.

Groundwater level data beneath the Coarse Tailing Pile and in the surrounding areas were not
available for review. Groundwater level data for a number of borings are presented in the 1982
Zinner Report, which included a zone near the upgradient portion of the Coarse Tailing Pile area
extending approximately 2,500 feet to the east (Figure 5-1). These indicated groundwater levels
varying from approximately 41 to 146 feet below ground surface in the summer of 1981 (Table
5-1).

The Coarse Tailing Pile has reportedly undergone reclamation work including run-on control,
contouring for runoff control, seeding, and planting of trees (Ray, 1999). The existing
reclamation work has not been reviewed as part of this data needs assessment. This reclamation
work was, however, reviewed for bond release by the Montana Department of Environmental
Quality (MDEQ, 1999a).
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A portion of the Coarse Tailing Pile reportedly experienced snowmelt/rain runoff erosion in
2007. This area reportedly required an estimated 6,500 cubic yards (cy) of restoration fill from
nearby waste rock and relocation of an under-road culvert which apparently caused the washout
(Remedium, 2007). Information regarding implementation of this erosion restoration was not
identified for review.

Geotechnical data for the Coarse Tailing Pile were not identified, other than anecdotal
descriptions. Various issues were raised following bond release in 1999 including comparable
stability and utility of reclaimed areas and levels of asbestos on the surface of reclaimed areas
and potential for continuing release (MDEQ, 1999b). It appears that insufficient data exist to
adequately assess the long-term stability of the over-steepened area near the Coarse Tailing Pile.
Such data will include geologic reconnaissance and settlement monuments in the over-steepened
area followed by inclinometers if determined to be necessary based on the reconnaissance and
settlement study. Geotechnical index parameters will need to be obtained from test pit samples
in the coarse tailing area to determine engineering characteristics and the test pits will assist in
determining the volume of the coarse tailing pile. Groundwater data beneath the Coarse Tailing
Pile do not exist and piezometers will need to be installed in the north portion of the area to
assess groundwater conditions.

Surface Mine Area

The Libby Mine site is located on top of a mountain that is part of the Rainy Creek Igneous
Complex and is the upper portion of a hydrothermally altered igneous pyroxinite complex, which
intruded into the Precambrian Belt Series rock. “Vermiculite Mountain” is generally a
biotite/vermiculite deposit occurring in a pyroxenite matrix. Intrusions of syenite and pegmatite,
which originated from a nearby synenite body, lie within the deposit. The vermiculite ore body
at the Libby Mine contains various quantities of non-asbestos amphiboles as well as quantities of
asbestiform or fibrous amphiboles.

The Surface Mine Area covers an area of approximately 270 acres at the top of the mountain.
The disturbed area of the Surface Mine Area is contiguous with the mine waste rock piles
immediately to the south. The former mill area was located just west of the Surface Mine Area
and all associated facilities have been removed.

The Surface Mine Area includes the former “Glory Hole” which covers an area of approximately
15 acres southeast of the former mill area and adjacent to the Waste Rock Pile area. This was
reportedly filled with miscellaneous mine waste debris (typical Class II landfill material), then
covered and seeded as part of reclamation (Ray, 1999).

The Surface Mine Area was reportedly reclaimed in the 1990s including regrading, seeding and
planting (Ray, 1999). This area was inspected for bond release in 1999 by the MDEQ. Issues

5-8



remaining included levels of asbestos on reclaimed areas and water quality concerns related to
potentially hazardous materials disposed in the Glory Hole and other areas (MDEQ, 1999b).

A stockpile of soil removed from residential yards in Libby is located on the Surface Mine Area
as shown on Figure 5-2. The existing volume of this stockpile has not been identified.

Previous geologic and hydrogeologic investigations conducted in this area provide limited
information regarding the local groundwater flow systems. The available groundwater
monitoring wells, along with observed springs, are shown on Figure 5-1. Two wells were
installed by WR Grace in 2000: one monitoring well was installed adjacent to the Glory Hole
(MW-1; Well E in later reports) and the other monitoring well was installed near the west toe of
the old waste dump (MW-2; W.R. Grace & Co., 2000; Well H in later reports). Another well,
Well D, is located in an old pump house building that may have served as potable water source
for the mine.

Well E (MW-1) near the Glory Hole is a 2-inch PVC well screened from 235 to 250 feet bgs.
The log of the monitoring well indicates approximately 4 feet of rock fill over approximately 16
feet of vermiculite with weathered pyroxenite below this to a depth of approximately 82 feet
below ground surface. Biotite pyroxenite bedrock was identified from a depth of 82 feet to the

_ bottom of the borehole at a depth of approximately 250 feet below ground surface. Groundwater
was found at a depth of approximately 242 feet below ground surface and produced
approximately 1 to 2 gallons per minute. Recent water-level measurements of groundwater in
Well E (MW-1) indicate groundwater levels varying from approximately 78 to 190 feet below
ground surface. Groundwater level data are presented on Table 5-1.

Well H (MW-2) has a total depth of approximately 90 feet and is believed to be a more recent
well located near a haul road on the hillside west of the mine. The well is also a 2-inch PVC,
screened from 60 to 70 feet bgs. The well log indicates topsoil containing vermiculite for the
first 5 feet overlying gravelly sand to approximately 15 feet bgs. Loose, fine sand with mafic
minerals and areas of vermiculite are present to the bottom of the well. During groundwater
sampling in July 2008 the total depth of the well was measured at 71 feet. Groundwater was
identified in Well H (MW-2) during well construction at approximately 56 feet bgs and was
reportedly high in arsenic and lead (MDEQ, 2000), although such data were not identified.
Monitoring data from Well H in 2008 indicate groundwater levels approximately 60 feet to
greater than 71 feet (dry conditions) below ground surface.

Well D is located at the bottom of a 5-foot-diameter culvert that extends approximately 8 feet
below and 2 feet above the surrounding ground surface. The well is 10 inches in diameter, is
cased with steel, and is screened from 345 to 385 feet bgs. The well initially was drilled to a total
depth of 405 feet, then backfilled to 385 feet. Measurements in July 2008 indicate that the total
depth extends to approximately 378 feet bgs with a soft sediment bottom. The well log indicates
fill material to a depth of 37 feet bgs overlying vermiculite to 157 feet bgs. Pyroxinite and biotite
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pyroxinite bedrock were indicated from 157 to 215 feet bgs with a zone of dike material
consisting mainly of quartz until approximately 378 feet bgs. The last 5 feet (to a total depth of
405 feet bgs) of the boring contained vermiculite. Data collected during construction indicated
water levels at approximately 240 feet bgs and production of around 30 gpm. Measurements of
groundwater levels in 2008 indicated levels approximately 241 to 244 feet bgs.

No records of groundwater monitoring wells or water level data have been identified in the
eastern portion of the Surface Mine Area.

An earlier geo-hydrologic study was performed in areas north and south of the mine area that
included drilling of approximately 100 boreholes to depths up to approximately 170 feet below
ground surface (Zinner, 1982). These boreholes were located in the area between Waste Rock
Piles 2 and 3 south of the mine and in an area east of the coarse tailing pile north of the mine.
The boreholes indicated overburden materials from near zero to a maximum of approximately 90
feet bgs. Vermiculite pyroxenite was found below the overburden in thicknesses varying from
approximately 40 to 170 feet bgs. Biotite pyroxenite bedrock was found from approximately 40
to 190 feet bgs.

Groundwater levels in these boreholes varied from the ground surface, with artesian conditions
in the area between the waste rock piles, to approximately 140 feet below ground surface. The
twelve artesian boreholes produced approximately 1 to 2 gpm water flow with release of trapped
gas. Two boreholes north of the mine produced water flows of up to approximately 20 gpm. It
was theorized that “the aquifer is probably the result of a permeable zone of sandy and gravelly
till overlain by a less pervious till” (Zinner, 1982 [Harding and Lawson, 1974]). Zinner
theorized that “the artesian conditions are thereby the results of the upper inclination of glacial
deposits to the canyon head where recharge takes place” (Zinner, 1982). Confirmation of these
theories has not been made and the areal extent of such conditions has not been determined.

As part of the same study, two deep boreholes were drilled in the mine area: one was drilled to a
depth of 900 feet through the 22™ mining level (Hole 130) and one was drilled to a depth of 970
feet north of the mine area (Hole 131). The first deep borehole in the mine area indicated
approximately 10 feet of overburden with 15 feet of vermiculite underlain by biotite pyroxenite
to the 900 foot depth. This deep borehole produced approximately 25 gpm at the 500-foot depth,
approximately 350 to 500 gpm was produced from a depth of 700 feet and drilling was stopped
at 900 feet as approximately 1,000 to 2,000 gpm were being discharged to the surface. The final
water level was approximately 66 feet below ground surface indicating the water level was under
piezometric conditions. Another deep borehole was reportedly drilled 200 feet from Hole 130
which was reported to be under artesian conditions discharging approximately 5 gpm (Zinner,
1982). The second deep borehole north of the mine (Hole 130) did not encounter strong water
producing zones as did Hole 130, although approximately 25 gpm was reported at a depth of
approximately 500 feet below ground surface. The location and logs of deep boreholes 130 and
131 were not provided in the Zinner report.
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Anecdotal information regarding an undefground mine beneath the Libby Surface Mine Area has
not been confirmed. Information regarding such underground workings was not identified
during this investigation.

No additional geotechnical data were identified for review from the Surface Mine Area. _
Mine Waste Rock Piles

The mine Waste Rock Piles are located south of the surface mine and cover a total area of
approximately 230 acres. The toes of the Waste Rock Piles extend southwest to Carney Creek in
some locations and the side slopes appear to be roughly at the angle of repose, and some
contouring has reportedly been performed.  The Waste Rock Piles consist of three major piles
south and southeast of the former mill. For the purposes of this investigation, the larger Waste
Rock Pile located to the south of the former mill site is designated WRP-1, the middle pile is
designated WRP-2 and the southeast pile is designated WRP-3.

Topographjc maps indicate that the largest WRP-1 has a total height in excess of 850 feet on the
west side and has an overall slope of approximately 2:1 with haul roads and benches. Portions of
the east side of WRP-1 and WPR-2 and WRP-2 have heights of approximately 150 to 200 feet at
side slopes varying from 1.2: to 1.4:1. The existing hillside slopes vary from approximately
2.5:1to 2.8:1. The topographic maps and aerial views (Google, 2010) indicate areas of gully
erosion from the waste rock piles.

A small waste debris area, covering approximately 3 to 4 acres was located southwest of the mill.
It was reported that miscellaneous debris (including drums) from this smaller Waste Rock Pile
was disposed in an excavated area southwest of the mill site approximately 800 feet east of the
Lower Pond (Ray Engineering, 1995). Water samples were reportedly obtained during
reclamation of the small waste debris area but were not identified for review.  This 1995 report
also indicated movement of mine waste on the hillside thought to be caused by seepage from a
spring and local areas of impounded water.

A land farm was reportedly developed for treatment of wastes from a leaking underground
storage tank at or near the mill site. Information and data for this land farm treatment facility
were not identified for review. '

The Waste Rock Piles are reported to have undergone reclamation activities in the 1990s similar
to the Coarse Tailing Pile and Surface Mine Area although the degree of reclamation is not
known. A landslide area at one of the Waste Rock Piles covering approximately 45 acres
exposed an old landfill in the 1990s, which was apparently reclaimed and the landfill debris was
relocated elsewhere. The MDEQ reported that the landslide area had dried out and appeared to
have stabilized (MDEQ, 1999a). However, hillside springs may re-appear at various locations
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depending upon snowpack and other factors. Decomposing vermiculite is typically a very weak
material and its presence within the waste rock piles would tend to weaken the overall structures,
particularly over time.

As discussed above, the Zinner report indicates artesian conditions in several of the boreholes
between WRP-2 and WRP-3. It is not known how this artesian groundwater condition affects
the stability of the waste rock piles. The Zinner report observed that the “load created by the
waste dumps and their impedance of water flow has created instability in the surrounding slopes
and in the valley bottom” (Zinner, 1982). Several springs have been located on the hillside
between WRP-2 and WRP-3, which appear to confirm the presence of artesian conditions in this
vicinity. '

Well F was identified at the top of WRP-1, which is presently in poor condition. One
groundwater data point was available for this well in October 2007 which indicated a
groundwater level approximately 214 feet below ground surface. Well F is reportedly not in
service at this time due to poor conditions of the well, and it is believed Well H, located
approximately 2000 feet northwest of Well F, may be a suitable surrogate (Phase Il SAP part B).

One groundwater monitoring well, Well A, is located just north of Carney Creek below WRP-1
and WRP-2. Well A indicates groundwater varying from less than one foot below ground
surface during portions of the year to approximately 3 feet bgs.

A 1992 environmental assessment. determined that “the waste rock dump has inherent stability
problems due to the structure of the ore and waste rock. The dump is currently standing at the
angle of repose (1.25 to 1.5:1)....As a result of mass wasting, the waste rock dump toe has
encroached on the Carney Creek stream channel. The slumping of waste rock has forced the
creek to cut a new channel through the waste rock that has rolled to the bottom of the drainage
in the end dumping process used to form the waste rock dump” (Montana Department of State
Lands, 1992). '

Geotechnical data for the Waste Rock Piles were not identified and it appears there are
insufficient data to assess the long-term stability of the facilities in the FS. Such data needed for
analysis will include bulk samples for index parameters, compaction characteristics and strength
parameters. Investigations will include test pits and geotechnical borings.

5.2  Data Quality Assessment

This data quality assessment includes a review of the identified engineering data for the Tailing
Storage Facility, which primarily includes data for the impoundment dam related to stability and
safety, and for the Surface Mine Area, which includes limited monitoring well data. Limited
engineering data quality assessment is included for the Coarse Tailing Pile and the Waste Rock
Pile areas based on very limited data adjacent to the areas.
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Tailing Storage Facility

Because of the high-hazard rating of the tailing impoundment dam, geotechnical stability and
hydrologic reports were completed for the facility in 1992 and periodic safety inspections have
been performed since that time. Periodic safety inspections have found the structure to be safe
with the implementation of additional maintenance measures associated with the downstream
drainage system and with the addition of a reinforced concrete box culvert outlet through the left
abutment and concrete discharge flume and chute downstream of the dam.

The geotechnical report completed in 1992 included 10 geotechnical borings to depths ranging
from approximately 22.5 to 77 feet below ground surface (ft bgs). The soils were classified in
accordance with American Society of Testing and Materials (ASTM) Standard D-2487 and
visual-manual procedures were performed in accordance with ASTM D-2488. Standard
Penetration Tests (SPTs) were performed in the borings in accordance with ASTM D-1586.
Selected disturbed and undisturbed soil samples were tested for moisture content, dry density,
Atterberg Limits, gradation, percent passing the No. 200 sieve, unconsolidated-undrained triaxial
shear strength, consolidation and compaction characteristics. Although the testing procedures
were not reviewed in detail, they were reportedly performed in accordance with established
ASTM procedures.

The original design in 1971 included 8 geotechnical borings and 14 test pits in the vicinity of the
starter dam and downstream of the proposed dam embankment. No explorations were
performed upstream in the impoundment area. The borings determined the depth to bedrock and
the test pits indicated near surface conditions. Standard penetration data were not reported for
the borings and the general subsurface conditions were described from the boring and test pits
logs presented on the design drawings. It is not known what quality control procedures were
utilized the sampling and analysis of subsurface materials.

Twelve piezometers at the tailing dam have been monitored during the periodic safety
inspections. All of these piezometers was monitored in the 2007, 2008-2009 and 2010
inspection reports (Billmayer & Hafferman, 2009 and 2010a). One additional piezometer not

" measured is apparently located in the impoundment area approximately 300 feet northeast of the
dam crest. Annual monitoring of the piezometers have reportedly found the phreatic surface in
the dam to be relatively low, with a maximum height of approximately 3 to 4 feet above the dam
foundation (HLA, 1992 and Billmayer, 2007a). Seven of the thirteen piezometers monitored
contained water during the 2007 annual inspection and the latest inspection reported similar
conditions. Real-time piezometric data for the dam has not been performed because transducers
and data loggers have not been utilized in the open-tube piezometers.

The 2007 inspection report concluded that the dam was in good to excellent condition and that
no significant structural or maintenance concerns were found that would require immediate
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action (Billmayer, 2007a). The emergency action plan, operational plan, routine maintenance
plan and piezometer monitoring logs were reported to be up-to-date and effectively addressed the
structure and its components. The annual dam safety inspections have reportedly been approved
by the Dam Safety Program of the Montana Department of Natural Resources (DNRC).

The 2007 dam inspection report recommended cleaning the seepage outlet drains and performing
minor maintenance work on the dam and concrete box culvert and chute spillway, some of which
was described in a Montana 310 permit application (Billmayer, 2007b). Some of this work has
apparently been performed and recent photographs of the inside of some drain pipes indicate
some corrosion and deterioration (Billmayer & Hafferman, 2009). Long-term effectiveness of
the existing dam drainage system has not been performed and is suspect due to the corrosion of
some drain pipes. The most recent toe drain inspection report (Billmayer, 2010b) indicates that
the toe drainage system is in generally fair to poor condition and the report recommended further
field investigations of this system.

The 2007 dam inspection report also recommended that a review of bank stability and seismic
stability be performed (Billmayer, 2007a). Documentation of this review has not been identified.
The 2007 inspection report also recommended that preparation for the S-year operational permit
renewal inspection be conducted no later than the fall of 2008. These recommendations
included: 1) development of a complete catalog of all available documentation and reports for
the tailing dam, 2) a complete review of the stability analysis based on the latest piezometer data,
and 3) a review of the seismic stability of the embankment based on the new Montana Dam
Safety Seismic standards for high-hazard dams in Montana.

Recent stability assessments have relied on previous geotechnical field investigations, laboratory
analyses of materials and stability analysis models. The most recent inspection report (Billmayer
& Hafferman, 2009) included a review of the 1992 seismic stability study by Harding Lawson.
However, a critical review of updated seismic information was not apparently performed for the
dam; the latest report stated agreement with the previous analyses performed in 1992.

Verification of foundation conditions at the dam have not been performed, the original borings
and test pits at the dam site were performed in 1971 and the most recent geotechnical borings in
the vicinity of the dam were performed in 1991. Bedrock cores were not obtained and rock
quality designations (RQDs) were not performed for the dam foundation. Additional stability
analyses using recent state-of-the-art two-dimensional models have not been performed for the
structure nor have finite element analyses of the dam structure stress conditions been performed.

- Data regarding embankment movement over time has not been identified. There do not appear

to be any surveyed settlement monuments on the dam crest; only visual assessments of
embankment movement and erosion have been performed.
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Some discrepancies exist regarding previous hydrologic analyses performed for the Tailing
Storage Facility (Schafer and Assoc., 1992) and recent hydrologic analyses of inflow design
floods (Billmayer & Hafferman, 2009). The USGS regression equation methodology utilized in
recent analyses likely does not have the accuracy required (67-79% std. error) for a structure
such as the Tailing Storage Facility Dam at the Libby Mine.

Surface Mine Area

A few boreholes are reported to have been performed in the Surface Mine Area including some
deep boreholes, although engineering-geologic data were not identified for the boreholes. One
geologic log was identified for the monitoring well adjacent to the Glory Hole (MW-1; Well E)
in the Surface Mine Area. It is not known what procedures were utilized in measurement of
groundwater levels and what quality control procedures, if any, were utilized in the sampling and
analysis of groundwater from the monitoring wells. Groundwater well sampling has been

performed as part of the RI and various data gaps appear to exist for groundwater level data. The

log of reported MW-2 (Well H) was not identified for review.

Insufficient geotechnical data exist in the Surface Mine Area to characterize site conditions with
the objective of supporting evaluation of remedial alternatives in the FS.

Data and information regarding reported underground mine workings and how such workings
may affect the surface mine area, or other site areas, have not been identified.

Coarse Tailing Pile

As mentioned above, no geotechnical engineering data were identified for the Coarse Tailing
Pile other than anecdotal information regarding grain size of the coarse tailing materials. A
geo-hydrologic report performed in the early 1980s (Zinner, 1982) presented general subsurface
logs for areas east of the Coarse Tailing Pile, north of the surface mine. These indicated varying
groundwater levels east of the Coarse Tailing Pile, but data was not identified to define
groundwater levels within the Coarse Tailing Pile area. It is not known what quality control
procedures were utilized in measurement of the groundwater levels or in characterization of
subsurface materials.

The general quality and amount of data in the Coarse Tailing Pile Area, including surface and
subsurface geotechnical and groundwater level data, are insufficient for analysis of FS
alternatives.

Waste Rock Piles

Geotechnical data were not available for the waste rock piles and only one groundwater level
data point was available at one of the waste rock piles. The Zinner report indicated artesian
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conditions between two waste rock piles (WRP-2 and WRP-3) but did not define the lateral
extent of such conditions. Springs in the vicinity of the previous Zinner borings appear to
confirm artesian conditions, although no additional monitoring well data is available in the
vicinity. It is'not known what quality control procedures were utilized in the collection of data
prior to 2007. '

The general quality and amount of data in the Waste Rock Piles Area, including surface and
subsurface geotechnical and groundwater level data, are insufficient for analysis of FS
alternatives.

Available groundwater level data for the site are presented in Table 5-1.

5.3  Data Quality Objectives

Data quality objectives (DQOs) define the type, quality, purpose and intended uses of data to be
collected (EPA, 2006). The seven steps involved in the DQO process will be followed to
provide an effective project plan and to provide sufficient information to support key decisions
regarding remedial alternatives. The DQO process developed by EPA includes the following
seven steps : 1) State the problem that the study is designed to address, 2) Identify the decisions
to be made with the data obtained, 3) Identify the types of data inputs needed to make the
decision, 4) Define the bounds (in space and time) of the study, 5) Define the decision rule which
will be used to make decisions, 6) Define the acceptable limits on decision errors, and 7)
Optimize the design using information identified in Steps 1-6.

Statement of Problem

Remedial alternatives (including No Action) to be identified and evaluated in the FS require a
sufficient amount of engineering information to support the evaluation of implementability,
effectiveness and cost. Various remaining questions need to be addressed for each of the areas,
including the Tailing Storage Facility, the Coarse Tailing Pile, the Surface Mine Area and the
Waste Rock Pile Area, to be evaluated in the FS.

Tailing Storage Facility:

Geotechnical data have been developed previously for the Tailing Storage Facility dam for
stability and safety evaluations. Such data appear to be acceptable for defining the general safety
of the dam along with regular inspections and maintenance procedures. However questions
remain regarding the facility and additional data are needed to answer remaining questions for
FS evaluations, including:
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What is the thickness of tailings within the impoundment? This is required to estimate the
volume of tailings. This question can be answered by performing Cone Penetrometer
Tests (CPT) within the impoundment. '

What is the consistency of the tailings at various depths within the impoundment? This is
required to evaluate stability and liquefaction potential and can also be answered by the
CPTs.

What are the piezometric conditions within the impoundment upstream from the dam
embankment? This is required is determine the stability, seepage conditions and
liquefaction potential of the impoundment. This can be answered by the CPTs in
combination with repair and measurement of the existing piezometer (P-O) within the
impoundment area along with installation of a vibrating wire piezometer at this location.

What is the current state of consistency (density, softness etc.) of dam embankment and
foundation materials? This is required to update stability analyses and determine the
current overall stability of the dam. This can be answered by a deep geotechnical boring
through the maximum dam section into the underlying foundation bedrock along with
associated sampling and geotechnical testing of various samples.

What are the real-time piezometric variations in the dam embankment? This is required
to better determine the potential rapid drawdown conditions within the embankment for
stability analyses and the effects of varying piezometric conditions on the tailing
impoundment and embankment. This can be answered by installing pressure transducers
in the new boring and in at least two existing piezometers within the embankment with
data loggers and possibly remote data transmittal.

What are the verified foundation conditions for the tailing dam including the consistency
of materials through the maximum dam section and the bedrock conditions beneath the
dam? This is required for updated stability analyses of the tailing dam. This question
.can be answered by a deep borehole through the dam maximum section with sampling
and geotechnical testing.

What is a-quantified amount of movement of the tailing dam over time? This is required
to verify long-term stability in addition to visual assessments. This question can be
partially answered by installation of a surface settlement monument on the dam crest.
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Coarse Tailing Pile:

Various questions regarding the Coarse Tailing Pile remain for FS evaluations including:

What is the thickness of Coarse Tailing Pile materials? This is required to estimate the
volume of materials within the Coarse Tailing Pile and can be answered with a series of
test pits throughout the facility excavated to native materials beneath the tailing materials.

What are the characteristics and variability of materials within and over the Coarse
Tailing Pile? This is required to determine the long-term erosion potential and stability
of the facility. This can be answered by sampling of materials and testing for index
geotechnical characteristics such as grain size analysis and Atterberg Limits.

What is the groundwater level within or beneath the Coarse Tailing Pile? This is required
to determine the piezometric conditions for assessment of long-term stability of the
facility. This can be answered with installation of piezometers in two of the test pits with
screened interval spanning the base of the tailing and original ground surface.

What are the stability and conditions of the over-steepened area of the Coarse Tailing
Pile? This is required to evaluate the long-term stability of the area. This may be
answered by a complete initial geologic reconnaissance of the area based on standard
protocol with an associated report, followed by surface settlement monuments or
borehole inclinometers if determined to necessary. |

Surface Mine Area:

Various questions remain regarding the Surface Mine Area including:

What is the global stability of the Surface Mine Area? This is required to assess the long-
term stability of the area, particularly the area with benching and side slopes, and can be
answered by test pits with limited geotechnical testing of samples and by performing
visual assessments of the benches and existing conditions in the steep portions of the
area.

What are the groundwater levels in the north and east portions of the Surface Mine Area?
This is required to provide a better understanding of the overall potentiometric conditions
throughout the mine area, and can be partially answered by restoration of Well J in the
north part of the area.

What is the volume of residential yard soils currently stored at the Surface Mine Area?
This is required to determine the amount that may be used to place as cover over
presently uncovered portions of the area. This can be answered by performing a review
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of the amount of soils hauled to the site or possibly a ground survey of the soil stockpile
if necessary.

Questions regarding the reported underground mine workings may need to be addressed
during the FS. However, no field explorations associated with this are recommended at this’
time.

Waste Rock Piles:

Various questions remain regarding the Waste Rock Pile Area including:

What is the thickness of the waste rock piles? This is required to estimate the volume of
the waste rock piles and can be answered utilizing data from boreholes developed
through the wastes into the subsurface soils and the possible use of seismic refraction
surveys on the waste rock piles. '

What is the composition of the waste materials, particularly the amount of decomposing
vermiculite? This is required to determine the overall strength of the waste piles which is
important to know to assess the long-term stability of the piles. This can be answered by
obtaining samples of the wastes from borings and test pits and testing the materials for
index geotechnical parameters and rock/soil types.

What is the in-situ density of fine-grained materials in the waste rock piles? This is
important to know to assess the long-term stability and creep potential of the waste rock
piles and their impact on the surrounding land. This can be answered by analyzing
moisture and density of relatively undisturbed samples of materials obtained from
boreholes and test pits and comparing them with compaction test data on disturbed
samples of waste rock materials.

What is the amount of LA asbestos in the waste rock piles at various depths? This is
required to determine the potential release of materials into the environment and also the
stability of the piles. This can be answered by sampling materials from various depths in
borings and test pits and testing for LA.

What is the impact of high groundwater and potential artesian conditions on the waste
rock piles, particularly those adjacent to previously reported high groundwater and
artesian conditions (between WRP-2 and WRP-3; Zinner “Area 1”)? This is required to
assess the impact of potentially high piezometric conditions on the long-term stability of
the waste rock piles, and to assess the potential for hydraulic release of LA materials to
the environment from high groundwater conditions. This can be answered by installing
boreholes with monitoring wells into WRP-2 and WRP-3 adjacent to the previously
reported high groundwater and artesian conditions between these waste rock piles.
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What is the quantified movement of the waste piles over time? This is important to know
to verify existing stability of the piles in addition to visual assessments, and can be
partially answered by installation of surface settlement monuments at key locations on
the waste piles and with borehole inclinometers.

Identify the Decision

The engineering data collected during the OU3 RI Phase III is intended to help EPA decide if
and what remedial alternatives are feasible and necessary to protect human health and/or
ecological receptors from unacceptable risks from asbestos and any other mining-related
contaminants at the Tailing Storage Facility, Surface Mine Area, Coarse Tailing Pile, and Waste
Rock Piles over the long term. '

Identify Types of Data Needed

Engineering data needed for the various areas at OU3 include:

Boring logs and test pits with associated logging in accordance with generally accepted
ASTM standards and Cone Penetrometer Testing (CPT) in the tailing impoundment area;

Subsurface soil sampling for bulk samples and relatiVely undisturbed samples;

Geotechnical laboratory testing for index parameters such as grain size analysis and
Atterberg Limits and strength/durability characteristics as necessary depending upon
location of sampling; '

Installation of piezometers and groundwater monitoring wells for routine measurement
and assessment of groundwater and phreatic surfaces through the various facilities;

Geologic reconnaissance and field inspection of existing conditions is needed in some
areas as a first step in evaluation of long-term stability;

Installation of settlement monuments, or borehole inclinometers if determined to be
necessary, at various locations to assess long-term embankment and waste pile/hillside
stability concerns; and

Survey data to determine the location and elevation of borings, test pits, monitoring
wells, piezometers and settlement monuments or inclinometers and to verify existing
slope conditions at the facilities.

Seismic refraction survey information to define general subsurface conditions at the site.
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Define Bounds of Study

The spatial bounds of the study include the total areas currently occupied by the Tailing Storage
Facility, Coarse Tailing Pile, Surface Mine Area, and Waste Rock Piles at OU3.

The temporal bounds of the study will include one season of geotechnical sampling and
monitoring new monitoring wells and settlement monuments, or borehole inclinometers, as
applicable during a typical range of annual groundwater conditions.

Define the Decision Rule

The quality and results of engineering data from QU3 will not be used to determine if remedial
action is necessary. However, used in combination with the decision rules for human and
ecological risks and for potential environmental impacts, the data will be used to support FS
evaluations.

Define Acceptable Limits on Decision Errors

Acceptable limits on decision errors for engineering data from OU3 will be based on established
engineering principals, accepted ASTM standards and engineering judgment. Typically, if data
are within reasonable limits for the type of material sampled and within the range of previous
data for similar materials or previous data for the facilities, the data will be accepted.

Optimize the Design

The sampling design is based on the DQO process, the site characteristics and scale, and
anticipated needs to support identification and evaluation of remedial alternatives in the FS
process. Locations of investigation and sampling points may be varied somewhat in the field
from the plan depending upon field conditions encountered.

5.4  Sampling Design

The sampling design includes various field geotechnical cone penetrometer tests, borings and
test pits with associated logging, sampling and testing of soils, tailings and waste rock from the
borings and test pits. The approximate location of the test pits and borings are shown on Figure
5-2 and the program is summarized in Table 5-2. Ranges of sample numbers are provided. The
lower number indicates the minimum requirement. If the material is heterogeneous more
samples than the minimum may be required based on field observation. Depending upon initial
field investigations in various areas, additional geotechnical investigations may be necessary in
addition to those indicated on Table 5-2. Such areas may include the potential diversion
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locations for Rainey Creek around the Tailing Storage Facility and the over-steepened area of the
- Coarse Tailing Pile.

Additional field geologic reconnaissance and inspection of existing conditions of various areas
will also be performed as will land surveying of various features.

The location and elevation of all borings and test pits will be determined using survey-grade
global positioning system (GPS) equipment. This equipment should provide the state plane
coordinates to the nearest tenth of a foot and should provide the elevations to the nearest tenth of
a foot based on feet above mean sea level. '

All excavated test pits and boring cores will be documented with digital photography as
necessary for each of the sampling locations.

Tailing Storage Facility

Previous investigations at the Tailing Storage Facility included a total of 10 borings developed
for the 1992 geotechnical stability investigation of the impoundment dam. A total of 12
piezometers are annually monitored for dam safety inspections, none of which are within
impounded tailings upstream of the dam. The original tailing dam design also included a series
of borings in the vicinity of the dam which identify bedrock.

A total of three cone penetrometer tests (CPT) are proposed at the Tailing Storage Facility
impoundment to verify the thickness and characteristics of the impounded tailing materials and
subsurface conditions: at the upstream area (approximately 500 feet upstream of the
embankment) where a levee was proposed in the 1992 report, one approximately 1,000 feet
upstream from the dam and one approximately 2,000 feet upstream from the dam as shown on
Figure 5-2. The location of these CPTs is approximate and may vary in the field depending upon
accessibility.

Use of CPT methods should utilize low-ground-ptessure equipment to access areas not possible
with a conventional drill rig. This method does not extract samples of subsurface materials for
laboratory testing, but rather utilizes electronic friction cone or piezocone equipment to record
the penetration resistance of subsurface strata. This data presents a qualitative correlation to
physical properties of materials present such as shear strength, bearing capacity, void ratios and
pore pressures. Since data is continuously recorded, the depth, thickness and variation in the
stratigraphy provide a complete profile of the materials encountered. The CPT data will be
presented in standard format for each location with associated analyses of the data.

One deep geotechnical borehole should be drilled through the maximum tailing dam section at

Jeast 25 feet into underlying bedrock. This should be performed by a combination of auger rig
and air rotary methods, as necessary, with sampling of embankment, tailing and bedrock
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materials. It is estimated that the depth of this borehole will be approximately 175 to 180 feet.
Disturbed samples of drill cutting will be collected as will split spoon samples in liners and
undisturbed thin wall tube samples. Two thin-wall (Shelby) tube samples will be collected of
fine-grained tailing and embankment materials. One or two rock core samples will be collected
of the bedrock beneath the tailing dam. Index tests (grain size analyses and Atterberg Limits)
will be performed on several samples and in-situ moisture-density tests will also be performed on
tube samples. One Standard Proctor Compaction test will be performed on a bulk sample of
embankment material for comparison with in-situ moisture-density tests. One undisturbed tube
sample will be tested for triaxial shear. The borehole will be converted to a piezometer with
screened interval in the lower portion of the embankment just above the foundation. A
transducer will be installed in the piezometer, along with a data logger, to record real-time
piezometric conditions within the dam embankment.

The existing non-functional piezometer in the impoundment area (P-0) should be repaired as -
necessary to assess the piezometric conditions in that area. It is recommended that a vibrating
wire piezometer be installed to monitor pore pressure changes in the tailing materials. Such
instruments provide a better assessment of piezometric conditions than open-tube piezometers in
fine-grained materials such as tailings. Vibrating wire piezometers will be stainless steel units
with durable pressure transducers capable of measuring pore pressures from -50 to 1,000
kilopascals (kPa; 145 pounds per square inch, psi) with an accuracy of plus or minus 0.1% full
range. The unit shall be hermetically-sealed with durable cables and data loggers as necessary.
The piezometer will be adequately protected with locking steel casings and concrete collars as
necessary.

At least two of the existing piezometers in the dam embankment should be modified with
installation of pressure transducers to measure real-time piezometric changes in the embankment.
These should be installed in P-2 and PM-2 at a minimum, with possible installation in A-8. Data
loggers should be installed to record all data with possible remote readout capability.

At least one concrete settlement monument will be placed on the tailing dam crest at the
maximum section and will be surveyed to establish baseline data. This will provide needed
quantification of embankment movements to complement and verify visual assessments and
piezometer readings during periodic inspections. This will be a 10-inch diameter by 48-inch
deep concrete cylinder installed vertically with the top approximately 3 inches above the existing
ground surface. It may be either cast-in-place or precast concrete constructed with concrete
having a minimum 28-day compressive strength of at least 3,500 pounds per square inch (psi). -
The top surface will have an embedded brass survey marker and will be surveyed for horizontal
and vertical control from existing benchmarks; to the nearest 0.01 ft. Subsequent surveyed
readings should then be performed twice per year through the FS period and following final
remedial action. A survey point on the existing concrete principal spillway structure should also
be established with associated baseline data.
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Visual assessments of existing ground conditions along potential diversion dam and diversion
channel alignments for Rainey Creek upstream and adjacent to the Tailing Storage Facility will
need to be made as a first step. If determined to be necessary during visual assessments, various
test pits may be excavated at the potential diversion dam and channel locations with associated
logging and sampling for index parameters.

Geophysical survey procedures may be performed at the Tailing Storage Facility as necessary if
access by CPT equipment is not possible in portions of the impoundment. This would be a

ground seismic refraction survey.

Coarse Tailing Pile

Geotechnical investigations for the Coarse Tailing Pile will require four test pits. Approximate
locations of the test pits are shown on Figure 5-2. The location of the test pits may vary in the
field depending upon accessibility.

The test pits will be excavated with a large backhoe (track-hoe) to depths of approximately 10 to
12 feet. Slopes of test pits will be laid back to provide safe conditions as required by OSHA.
The test pits will be logged by an experienced geologist or geotechnical engineer. Bulk samples
of coarse tailing materials and underlying materials will be obtained and relatively undisturbed
hand-driven samples will be obtained as possible. The hand-driven samples will be collected in
2-inch diameter by 4-inch long brass or stainless steel tubes. Alternatively 3-inch diameter by 6-
inch long brass or stainless steel tubes could also be used.

Two test pits should be excavated near the toe of the Coarse Tailing Pile: one approximately 100
to 200 feet west of the pond and another approximately 800 to 1,000 feet west of this. These
should be excavated to the base of the coarse tailing. Another test pit should be excavated about
mid-way up the Coarse Tailing Pile slope in a relatively stable area and another should be
excavated near the top of the Coarse Tailing Pile.

Bulk samples of cover soils, coarse tailing and subsurface materials should be collected from
three of the test pits, as applicable. These samples should be tested for index properties
including grain size analyses and Atterberg Limits as necessary depending amount of fines in the
sample. In general, if the sample contains less than 10 percent fines (silt and clay passing the
No. 200 sieve), Atterberg Limits will not be required, and the grain size analyses only need to be
on the plus 200 sieve sizes. A few index property tests will be performed on bulk samples and
in-situ moisture-density tests will be performed on relatively undisturbed tube samples. In
addition, a few samples of existing cover soils should be tested for organic content. An
assessment of the areal extent and thickness of existing cover soils will be made for the entire
Coarse Tailing Pile Area.
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Two of the test pits in the Coarse Tailing Pile area, CTP-TP1 and CTP-TP2, will have open-tube
piezometers installed to determine groundwater levels and fluctuations beneath the area. These
test pits will need to be excavated deep enough to reach groundwater level beneath the coarse
tailing. The piezometers will consist of a 1.5-inch diameter PVC tube installed vertically with a
screened interval from the base of the tailing to the groundwater level likely below the original
ground surface. Granular fill filter material will be placed around the screened interval and
compacted backfill and tailing placed around the remainder of the piezometer.

A geologic reconnaissance will be performed in the over-steepened area of the Coarse Tailing
Pile as a first step. This reconnaissance should evaluate all surface conditions including visible
surface features, seeps, if any, and evidence of movement with associated digital photographic
documentation. A land survey should be performed of the over-steepened area including the
adjoining land on both sides, above and below the area. If determined to be necessary following
the initial investigations, settlement monuments will be installed at selected locations to monitor
movement of the area over time. If movement of the over-steepened area is occurring,
inclinometer(s) may be installed to further evaluate movements at depth.

Surface Mine Area

The Surface Mine Area will be investigated with test pits as shown on Figure 5-2 and with visual
assessments of the area. Two test pits are recommended in the Surface Mine Area with
associated logging and sampling of cover soils, mine wastes and subsurface materials. The
thickness of cover soils should be recorded at each location and the soil horizon should be logged.
as necessary.

Bulk samples of subsurface materials should be obtained for index testing from at least one test
pit: grain size analyses and Atterberg Limits Additionally, a sample of cover soil should be tested
for organic content. An assessment of the areal extent and thickness of existing cover soils will
- be made in the Surface Mine Area.

A review of the amount of residential soils currently stockpiled on the Surface Mine Area should
be made. The existing stockpile of residential soils may be surveyed if necessary to obtain an
accurate volume of such materials.

Existing groundwater monitoring wells at the Site are being sampled as pé,rt of the RI. Data from
this sampling will be used in the assessment of conditions in the Surface Mine Area and Waste
Rock Pile Area. Existing Well J should be restored to obtain groundwater levels in that area, if
possible,

Data from existing monitoring wells Well E (MW-1), Well H (MW-2), Well D, Wells F and J (if

possible), and previous well information from the Zinner Report, in addition to new monitoring
wells to be installed will be utilized to gain a better understanding of the geo-hydrologic
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conditions in the Surface Mine-Waste Rock Pile-Carney Creek area. Conceptualization and
characterization of the groundwater system in the project area will be performed in accordance
with accepted standards.

Mine Waste Rock Piles

The three Waste Rock Piles will be investigated through a series of four test pits and three
borings with two monitoring wells. The four test pits will include two on WRP-1 and one each
on WRP-2 and WRP-3. Two or three of the test pits will be excavated near the top of the Waste
Rock Piles and the remainder will be excavated in lower, accessible portions of the Waste Rock
Piles.

One boring is proposed at the top of WRP-1 to assess the thickness of mine waste and subsurface
soil horizon for stability. These borings should extend at least 5 feet into the native materials
beneath the Waste Rock Pile for confirmation purposes. One boring each will be advanced
through WRP-2 and WRP-3 within a few hundred feet of the previous borings which indicated
artesian groundwater conditions. These should be located up-gradient and down-gradient of the
previous boreholes performed in the Zinner Study Area 1. The exact locations will be field
selected based on accessibility. Approximate locations of borings, monitoring wells and test pits
shown on Figure 5-2 may vary in the field depending upon accessibility.

Two of the borings, in the WRP-2 and WRP-3 areas, will be developed as monitoring wells with
5 to 10 feet screened intervals within the groundwater zones encountered. It is anticipated that
this will require 2-inch diameter Schedule 80 PVC casing. The MWs should be developed as
necessary and monitored at least quarterly during the FS evaluation period. These monitoring
wells should have protected steel pipe sections above ground surface with locking tops and
concrete slabs at ground surface. '

If possible, Well F should be rehabilitated to provide additional groundwater data betwéen the
surface mine area and the largest waste rock pile (WRP-1).

Three settlement monuments will be installed in the WRP areas to assess movement of these
structures over time. These will be 10-inch diameter by 48-inch deep concrete cylinders
installed vertically with the top approximately 3 inches above the existing ground surface. These
may be either cast-in-place or precast concrete constructed with concrete having a minimum 28-
day compressive strength of at least 3,500 pounds per square inch (psi). They will have brass
survey markers embedded in the top and will be surveyed for horizontal and vertical control
from existing benchmarks, to the nearest 0.01 ft.

One borehole inclinometer will be installed in WRP-B1. This inclinometer will allow an
assessment of the ovérall movement of waste rock pile with depth. The inclinometer, along with
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the surface settlement monument located approximately 800 feet to the northwest, will provide
an overall assessment of the movement of the largest waste rock pile over time.

Bulk samples of cover soils, waste rock and subsurface materials, as applicable should be
obtained and tested for index parameters of grain size and Atterberg Limits, compaction and
organic content of cover soils as necessary. Index tests will be performed on bulk samples, and a
few organic content tests will be performed on surface soils and compaction tests will be
performed on bulk, composite samples. The size of bulk samples may vary from large zip-lock
plastic bags for index and organic content tests to 5-gallon bucket samples for compaction tests.
An assessment will be made of the approximate volume of vermiculite in the Waste Piles based
on visual assessments and sampling of borings and test pits.

Relatively undisturbed samples from borings or test pits will also be tested for in-situ moisture
density. These in-situ moisture density tests will provide a definition of existing material
conditions throughout the waste rock piles and some will be compared to the compaction tests to
estimate the existing degree of compaction of materials. In addition, samples will be tested for
strength to assess short and long-term stability of the Waste Rock Piles. The decomposition
potential of materials within the waste rock piles will be evaluated through the use of freeze-
thaw or slake-durability tests of selected samples of materials.

Geophysical survey methods may be utilized to determine subsurface conditions in areas
between boreholes and in areas without any subsurface data. Such methods may consist of
surface seismic refraction surveys or down-hole seismic surveys as applicable to the conditions.

Previous well information from the Zinner Report, in addition to new monitoring wells to be
installed in boreholes (WRP-B2 and WRP-B3) will be utilized to gain a better understanding of
the geo-hydrologic conditions in the Waste Rock Pile-Carney Creek area. Conceptualization and
characterization of the groundwater system in the project area will be performed in accordance
with accepted standards.

5.5  Analytical Requirements
The latest revision of the ASTM standards should be followed for all geotechniéal soil and rock
sampling and testing procedures. The following ASTM standards will be followed in sampling

and analysis of geotechnical samples from OU3:

e Geotechnical Field Work should be performed in accordance with ASTM D-420 (Site
Characterization for Engineering Design and Construction Purposes).

¢ Geologic reconnaissance procedures should be performed in accordance with standard
ASTM procedures (Part 4.5 of ASTM D420-2003).
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Subsurface soils encountered in test pits and borings should be logged by an experienced
geologist or geotechnical engineer in accordance with ASTM D-2487 (Classification of
Soils for Engineering Purposes; Unified Soil Classification System) based on visual-
manual procedures specified in ASTM D-2488 (Description and Identification of Soils;
Visual-Manual Procedure).

Standard penetration tests during boring shall be performed in accordance with ASTM D-
1586 (Standard Test Method for Penetration Test and Split-Barrel Sampling of Soils).

_Air rotary drilling will be performed in accordance with ASTM D-5782 (Standard Guide
for Use of Direct Air-Rotary Drilling for Geoenvironmental Exploration and the
Installation of Subsurface Water-Quality Monitoring Devices).

Rock core drilling and sampling of rock beneath the tailing dam will be performed in
accordance with ASTM D-2113 (Standard Practice for Rock Core Drilling and Sampling
of Rock for Site Investigations). '

Downbhole seismic testing will be performed in accordance with ASTM D-7400
(Standard Test Method for Downhole Seismic Testing).

Seismic refraction investigations will be performed in accordance with ASTM D-5777
(Standard Guide for Using Seismic Refraction Method for Subsurface Investigations).

Selection of geophysical subsurface investigation methods will be performed in
accordance with ASTM D-6429 (Standard Guide for Selecting Surface Geophysical
Methods).

Cone penetrometer testing shall be performed in accordance with ASTM D-5778
(Standard Test Method for Performing Friction Cone and Piezocone Penetration Testing
of Soils).

Relatively undisturbed cohesive soil and tailings samples should be obtained using a
Shelby Tube in accordance with ASTM D-1587 (Standard Practice for Thin-Walled Tube
Geotechnical Sampling of Soils)

Grain size analyses of soils should be performed in accordance with ASTM D-422
(Standard Test Method for Particle-Size Analysis of Soils) for sieve and hydrometer

analyses.

Atterberg Limits tests should be performed in accordance with ASTM D-4318 (Standard
Test Methods for Liquid Limit, Plastic Limit and Plasticity Index of Soils).
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Rock core samples from beneath the tailing dam will be evaluated in accordance with
ASTM D-5878 (Standard Guide for Using Rock-Mass Classification Systems for
Engineering Purposes).

Relatively undisturbed samples should be tested for in-situ moisture and density in
accordance with ASTM D-2216 (Standard Test Method for Laboratory Determination of
" Water [Moisture] Content of Soil and Rock by Mass) and ASTM D-2937 (Standard Test
Method for Density of Soil in Place by the Drive-Cylinder Method).

Standard compaction tests for waste materials should be performed in accordance with
ASTM D-698 (Standard Test Method for Laboratory Compaction of Soil Using Standard
Effort; Standard Proctor).

Relative density of cohesionless granular materials, if any, should be tested in accordance
with ASTM D-4253 (Standard Test Method for Maximum Index Density and Unit
Weight of Soils Using a Vibratory Table) and ASTM D-4254 (Standard Test Method for
Minimum Index Density and Unit Weight of Soils and Calculation of Relative Density).

Direct shear tests of undisturbed and remolded soils should be performed in accordance
with ASTM D-3080 (Standard Test Method for Direct Shear Test of Soils under
Consolidated Drained Conditions).

Slake-Durability tests, if performed on materials obtained from the waste rock piles,
should be performed in accordance with ASTM D-5312 (Standard Test Method for Slake
Durability of Shales and Similar Weak Rocks).

Freeze-Thaw tests, if performed on materials obtained from the waste rock piles, should
be performed in accordance with ASTM D-4644 (Standard Test Method for Evaluation
of Durability of Rock for Erosion Control under Freeze-Thaw Conditions).

Organic content of soils should be performed in accordance with ASTM D-2974
(Standard Test Methods for Moisture, Ash, and Organic Matter of Peat and Other
Organic Soils).

Monitoring wells will be installed in accordance with ASTM 5092 (Design and
Installation of Ground Water Monitoring Wells in Aquifers).

Vibrating wire piezometers will be installed in accordance with USBR or U.S. Army
Corps of Engineers requirements.

Borehole inclinometers will be installed and monitored in accordance with ASTM D-
6230 (Test Method for Monitoring Ground Movement Using Probe-Type Inclinometers).
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e Monitoring wells will be protected in accordance with ASTM D-5787 (Standard Practice
for Monitoring Well Protection).

¢ ' Groundwater conditions in the Surface Mine and Waste Rock Pile Areas should be
evaluated in accordance with ASTM D-5979 (Standard Guide for Conceptualization and
Characterization of Ground-Water Systems).

5.6  Quality Control

Quality control will be performed on a continuous basis by site personnel as work progress in the
field. Field record books will be maintained as necessary and field logs will be maintained and
copied daily to eliminate the possibility of lost data. Approximately 5 to 10 percent additional
samples will be collected in the field, beyond those specified, for later testing if test results
appear to be in error. '

Samples will be handled, packaged, labeled and shipped to the testing laboratory in accordance
with accepted ASTM and EPA standards. All testing by the laboratory will be performed in
accordance with accepted ASTM standards including all required data and information reporting
required by the standards.

Field logs of borings and test pits will be reviewed and corrected as necessary based on the
laboratory testing. The geotechnical report will be developed by consultants for W.R. Grace and
reviewed by the various parties involved in the program.

Surveying for location and elevation of borings and test pits will be performed in accordance

with accepted survey standards of the American Congress on Surveying and Mapping (ACSM)
and the National Society of Professional Surveyor (NSPS).
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Table 5-1: Groundwater Level Data

e . Sample Water Level | Water Level
Description Location Da_tpe Elevation (ft) (ft bgs) Notes
2/20/2009 2797.8 8.2
1/15/2009 2791.7 8.3
12/1/2008 2797.8 8.2
10/30/2008 2797.8 8.2
10/2/2008 2797.9 8.1
A8 8/8/2008 2799.0 7.0
7/3/2008 2801.3 4.6
6/3/2008 2803.0 2.9
5/20/2008 2803.3 27
5/16/2008 2802.1 39
4/23/2008 27984 7.6
3/10/2008 2797.6 8.4
5/8/2007 2800.7 5.2
P-0 - - - Not Functional

P1 5/8/2007 - - Dry
2/20/2009 27223 119.9
1/15/2009 2721.8 120.4
12/1/2008 2721.6 120.6
10/30/2008 2723.1 119.2
10/2/2008 27243 117.9
8/8/2008 2726.5 115.8
Kootenai Development P2 - [ 7/3/2008 2736.8 105.4
Impoundment Dam Piezometers 6/3/2008 2754.7 87.5
(PVC Open-Tube, except P-O) 5/20/2008 2751.8 90.5
5/16/2008 2750.9 91.3
4/23/2008 2727.8 114.4
3/10/2008 2722.6 119.7
2/7/2008 2722.1 120.1
5/8/2007 . 27346 107.6

P3 5/8/2007 S - - Dry
P4 5/8/2007 2746.2 105.2
P5 | 5/8/2007 2763.8 103.6
2/20/2009 2757.6 53.7
1/15/2009 27574 53.9
12/1/2008 27574 53.9
10/30/2008 27574 53.9
10/2/2008 27574 53.9
8/8/2008 2758.2 53.1
PM1 7/3/2008 2761.6 49.7
' 6/3/2008 2762.9 48.4
5/20/2008 2763.1 48.2
5/16/2008 2764.9 46.5
4/23/2008 2761.1 50.2
3/10/2008 2759.8 51.5
5/8/2007 2761.7 49.6
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Tablg 5-1 Continued

Sample

Water Level

Water Level

Description Location Date Elevation (ft) (ft bgs) Notes
2/20/2009 2734.0 103.7
1/15/2009 2733.7 104.1
12/1/2008 2733.7 104.1
10/30/2008 27339 103.9
8/8/2008 2736.7 101.1
PM2 7/3/2008 2740.3 97.5
Kootenai Development 6/3/2008 2747.1 90.7
Impoundment Dam Piezometers 5/20/2008 2749.8 88.0
(PVC) 5/16/2008 27494 88.4
Continued 4/23/2008 2736.7 101.1
3/10/2008 2734.3 103.5
5/8/2007 2741.6 96.2
PM3 5/8/2007 2767.5 51.6
PM4 5/8/2007 - - Dry
PMS 5/8/2007 - - Dry
PMé6 5/8/2007 - - Dry
"CCC Well" in Carney Creek 7/22/2008 3349.6 1.8
drainage, upstream of pond below | Well A | 9/29/2008 3351.0 0.4
fine tailings 10/1/2007 3348.1 3.3
In clearing across small creek 7/22/2008 2764.6 22.8
south of tailings dam, upstream of | WellC | 9/29/2008 2763.3 24.1
Watergate 10/1/2007 27634 24.1
In pump house above (east of) 7/23/2008 3583.6 241.5
tailings pond dam, potable supply Well D 9/30/2008 3581.2 243.9
well. Well log dated 11/28 10/1/2007 35796 2455
2/25/1986 35842 240.9
7/23/2008 3789.0 172.6
"MW-1" just off road on broad Well E 9/30/2008 3770.6 191.1
top level, ESE of pump house - 10/1/2007 3883.4 78.3
9/22/2000 3771.2 190.5
2-inch PVC well on edge of slope : Poor
above (north) of C afn ey Cr. P Well F | 10/1/2007 3406.4 213.9 Condition
7/24/2008 3281.3 59.9
West of Mine "MW-2" WellH | 9/30/2008 - - Dry
) 10/4/2000 32874 53.8
726 7/1/1981 - - no wl
z27 7/1/1981 3758.0 -2.0 | Artesian
228 7/1/1981 3755.0 -12.5 | Artesian
Z29 7/1/1981 - - no wl
. 230 7/1/1981 37510 -9.7 | Artesian
Zinner Well Study Area | Z31_ | 7/1/1981 3748.0 2.0 | Artesian
Z32 7/1/1981 3744.0 8.6 | Artesian
733 7/1/1981 3741.0 4.6 | Artesian
734 7/1/1981 3740.0 1.5 | Artesian
235 7/1/1981 3734.0 14.7
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Table 5-1 Continued

Sample

Water Level

Water Level

Description Location Date Elevation (ft) (ft bgs) Notes
236 7/1/1981 3735.0 17.6
Z37 7/1/1981 3666.0 80.6
Z38 7/1/1981 - - no wi
Z39 7/1/1981 - - no wil
Z44 7/1/1981 3615.0 95.3
Z45 7/1/1981 - - no wl
Z46 7/1/1981 37140 -4.7 | Artesian
Z47 7/1/1981 3713.0 -9.2 | Artesian
748 7/1/1981 3705.0 -16.6
Z49 7/1/1981 3710.0 -10.2 | Artesian
Z50 7/1/1981 3702.0 -1.5
Z51 7/1/1981 3696.0 5.7
Z52 7/1/1981 3649.0 56.9
Z53 7/1/1981 3627.0 84.8
_ Z54 7/1/1981 3550.0 158.2
Zinner Well Study Area 1 Z55 7/1/1981 3545.0 161.2
Continued 756 7/1/1981 - - no wl
757 7/1/1981 3552.0 139.4
Z58 7/1/1981 - -
759 7/1/1981 - - no wl
260 7/1/1981 3516.0 167.2
Z62 7/1/1981 - - no wil
Z63 7/1/1981 3544.0 143.9
Z64 7/1/1981 3618.0 68.3
Z65 7/1/1981 - - no wl
Z66 7/1/1981 3675.0 2.8
Z67 7/1/1981 - : -
Z68 7/1/1981 3664.0 70.9
Z69 7/1/1981 3712.0 12.9
Z70 7/1/1981 3718.0 1.6 | Artesian
YA 7/1/1981 3732.0 -20.3 | Artesian
Z72 7/1/1981 3728.0 -2.7
783 7/1/1981 - - no static wl
284 7/1/1981 3417.0 63.2
Z85 7/1/1981 3414.0 70.0 |
Z86 7/1/1981 3348.0 122.2
787 7/1/1981 33340 123.7
788 7/1/1981 3338.0 123.0
Zinner Well Study Area 2 789 7/1/1981 3351.0 89.0
Z90 7/1/1981 3445.0 17.7
791 7/1/1981 - - no static wl
Z92 7/1/1981 3445.0 82.3
793 7/1/1981 3446.0 78.2
794 7/1/1981 3456.0 74.9
295 7/1/1981 3479.0 49.0
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Table 5-1 Continued

o L. . Sample Water Level Water Level
Description Location Datz Elevation (ft) ' (ft bgs) Notes
796 7/1/1981 3485.0 41.3
Zinner Well Study Area 2 797 7/1/1981 - - no static wl
Continued 798 7/1/1981 - - no static wl
799 7/1/1981 ' 3467.0 76.4
Z73 7/1/1981 3418.0 72.6
Z74 7/1/1981 3407.0 85.0
Z75 7/1/1981 3410.0 81.7
276 7/1/1981 3443.0 46.4
Z78 7/1/1981 - - no static wl
Z79 7/1/1981 3466.0 93.1
Z80 7/1/1981 - ' - no static wl
281 7/1/1981 - - no static wl
Z82 7/1/1981 - - no static wl
Z100 7/1/1981 - - no static wl
Z101 7/1/1981 3506.0 145.9
Z102 7/1/1981 - - no static wi
Z103 7/1/1981 3529.0 111.7
Z104 7/1/1981 - - no static wl
Z105 7/1/1981 3531.0 91.1
. Z106 7/1/1981 - - no static wl
Zinner Well Study Area 3 Z107 | 7/1/1981 3540.0 99.0
Z108 7/1/1981 - - no static wl
Z109 7/1/1981 3544.0 1134
Z110 | 7/1/1981 - - no static wl
Z111 7/1/1981 3556.0 100.5
Z112 7/1/1981 3562.0 90.1
Z113 7/1/1981 3608.0 44.0
Z116 7/1/1981 3418.0 96.4
Z117 7/1/1981 3458.0 62.2
Z118 7/1/1981 3410.0 111.3
Z119 7/1/1981 3458.0 69.4
Z120 7/1/1981 3460.0 69.5
Z121 7/1/1981 3460.0 67.1
Z122 7/1/1981 - - no static wl
Z123 7/1/1981 - - no static wl
Z124 7/1/1981 - - no static wl
CCS-1 | 6/28/2008 3472.5 0.0 | Seep
CCS-11 | 6/28/2008 3723.5 0.0 | Spring
CCS-14 | 6/28/2008 3761.1 0.0 | Spring
Carney Creek Seeps/Springs CCS-16 | 6/28/2008 36763 0.0 | Seep
CCS-6 | 6/28/2008 3285.2 0.0 | Seep
CCS-8 | 6/28/2008 3254.1 0.0 | Seep
CCS-9 | 6/28/2008 3005.7 0.0 | Seep
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Table 5-2: Summary of Geotechnical Investigations

Boring, Bulk Samples | Undisturbed Index Moisture- Compaction | Strength | Rock Durability Organic Piezometers or Comment
Test Pit or Samples Tests Density Tests Tests Tests Tests Content Tests Monitoring Well
Item
ID
Install New Piezo. &
TSF-B1 2-3 2 34 2-3 ] 1 TX 1-2 RQDs Transducer & Data At Max. Dam Section
Logger
TSE Std. CPT Rp
—— —— — —— | eemeaa —————— ————— — —— . t
CPT-1t03
TSF :
- . Repair Piezo.;Add
Existing | = -—- — —_— ———— — — ——— | e Install VW Piezo.
Data Logger
Piezo. P-0
Existing P-
Install Transducers Data Loggers
-2 and PM-2
CTP-TP1 1-2 1 1-2 1 ———- - —— 1 Install New Piezo. -
CTP-TP2 12 1 1-2 1 —— —_— | - 1 Install New Piezo. -
CTP-TP4 1-2 1 1 1 ——— — ——— 1 — —
CTP
Geologic —— — | e — - — — — ——— Possible SM/Inclin
Recon.
SMA-TP2 1 - 1 — 1 ————— [N
WRP-B1 2-3 2-3 23 12 1 1-TX — ——— —_— Install Inclinometer
WRP-B2 1-2 1-2 1-2 1-2 -—— — —_ —_— —_— New MW
WRP-B3 1-2 1-2 1-2 1-2 ——— —— ] e ——— New MW
WRP-TP1 1-2 1 1 1 ———— —_— 1F-TorS-D | -
WRP-TP3 1-2 1 1 | — 1 -—
WRP-TP4 1-2 1 1 1 1 1-DS 1 S-DorF-T —— ——— —
Notes:  TSF denotes Tailing Storage Faciliy SMA denotes Surface Mine Area

CPT denotes Cone Penetrometer Test
F-T denotes Freeze-Thaw Test

CTP denotes Coarse Tailing Pile
WRP denotes Waste Rock Pile

DS denotes Direct Shear Test.
VW denotes Vibrating Wire Piezometers
S-D denotes Slake-Durability Test

TX denotes Triaxial Shear Test

Scttlement Moruments at TSF and WRP areas not shown and existing MWs not indicated although water level measurements required from all existing MWs
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--follows:
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The Tailing Storage Facility covers an area of approximately 53 acres (75 acres at max
flood pool), a portion of which contains open water area of several acres depending upon the g¢e -
inflow to the impoundment. The volume of impounded water at the emergency spillvs;z crest is $Mouc gy -
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5.0 OTHER DATA NEEDS FOR RI/FS D41 A K DID

AQditi‘enall'géo,technical‘ data are needed to support chargcterization of site conditions and
evaluation of remedial alternatives in the FS. The long term effectiveness of the No Action

.. alternative will require information to assess the stability of mine features and their potential to

release materials into the environment. Potential source areas to be investigated are identified as

e Tailing Storage Facility;

e Coarse Tailing Pile;

e Surface Mine Area; and
e  Waste Rock Piles.

This section addresses the data requirements',fda‘ta quality assessment, data quality objectives,
sampling design, analytical requirements and quality control that are needed for the required
geotechnical data at OU3.

51 Data Requirements

This section presents the background information necessary to assess the geotechnical
engineering data requirements for OU3 RI/FS. This-information-is-developed from various-
DB K1 T ©F S

Tailing Storage Facility

The Tailing Storage Facility on Rainy Creek is impounded by a high-hazard, 135-feet high dam
{127 ft reported by Harding, Lawson and Associates [HLA], 1992), initially constructed in 1971
with a 50-feet high starter dam (Schafer and Assoc., 1992).. The dam is classified as high hazard
due to its size and presence of hazardous constituents. The tailing dam is also known more
recently as the Kootenai Development Impoundment Dam (Billmayer Engineering, Inc. 2007a)
and previously as the W.R. Grace Vermiculite Tailings Impoundment or the W.R. Grace Dam,

. Rainy Creek, Montana (Schaf¢r and Associates, 1992 and HLA, 1992). Most recently the

~ tailing dam has been called the Kootenai Development Impoundment Dam (KDID) in the 2008-

2009 periodic Owners’ inspection report (Billmayer & Hafferman, 2009) :
SMooLP Atedoe onoy Inecwse
Ccovereo fg?{xm 1e1ve s
| 1A WhiCof

. approximately 937 acre-feet and the volume at the dam crest is approximately 1,302 aofe-feet %N)':er
~ (Schafer and Assoc., 1992). The impounded water is typically approximately 500 fc;e’t upstream 4 ';
of the tailings dam; however, during extreme flood events water could be impound(ed adjacent to R
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the dam. "The impounded wate?ischafged over the spillway-during the 2008 spring runoff

period, and typically discharges/during normal precipitation years.
WhS bcERVLD TO Discuidoe Dukrte

THE DEN ELOA /LU
The original tailing dam designer was HLA and Bovay Engineers, hfc. which pefformed the  g¢
design in 1971 (Bovay Engineers, Inc. and Harding, Lawson Assgciates, 1971)." Several TTHS
drawings were reviewed from this design including design drawings from 1979 (W.R. Grace G eorcew~
Co., 1979). The original design drawings indicate a 50, feet hijgh starter dam with 2:1 side ricAL-
slopes, a 40-feet wide crest and a downstream chimney drain. Thic"‘dﬁiaﬁf;g"eu 's;'?t?msigsﬁq?m WOAK

starting upstream from the starter dam and extending along the foundation through each dam Aan

raise. Perforated cross drains are shown igthe foundation for the Phase 1 and Phase 3
downstream embankment raises. LTnitial ankment materials are shown as “Zone 3 and
abutment excavation” material, although no further desgription of these materials is given to
identify if they are silty gravels, sands or clays eta awings indicate three downstream
raises of approximately 10 to 25 feet (Phases 1, 3 and 5) and two smaller centerline crest raises
of approximately 5 to 10 feet (Phases 2 and 4). The fourth centerline raise to El. 2900 ft AMSL
occurred in 1979 (Shafer and Associates, 1992). The fifth raise to El. 2926 ft AMSL is shown as
a downstream raise apparently performed in 1981 (Billmayer & Hafferman, 2009):[The
downstream slope is shown as 2:1 with two benches each 10 feet wide. The centerline of the
starter dam is shown as approximately 100-feet upstream from the 1979 dam crest centerline.
The maximum design height of the embankment appears to have been 200 feet with downstream
raises (Billmayer & Hafferman, 2009). Therefore, the current embankment heigh} is
approximately 67 percent of the final intended design height. (35 ¢ r,

The crest length is approximately 1,100 feet, @ concrete box culvert with principal spillway
discharge is located on the left (east) abutment and an emergency spillway at a higher elevation
is located on the right (west) abutment. The principal spillway has an outfall to
below the dam and the emergency spillway does not appear to have an outfall to the creek. . Sp
Suiow

~Ltapprars-frem original drawings that foundation stripping up to about 5 feet in the valley
bottom was performed to remove surface silts and that the abutments were stripped and benched.
Original gravel blanket drains are shown in the design with perforated pipes to the downstream

face, which were extended and added to during subsequent raises. [Coarse tailing materials from eguep—
the over-steepened area of the Coarse Tailing Pile were reportedly used in one or more of the  crgeldend>

dam raises_.:[However, it is not clear where the coarse tailme been used in the Arsia,
. embankment. Materials used for each embankment raise, whether centerline or downstream, are ot
" 7. not defined in the.available drawings. (ATIEBYLD
L Auaagee DatA s
\A/ A sgties of eight boreholes to maximum depths of about 55 feet below original ground surface Xakr—

per

5-2




Wit LT T T T AT
45 ft bgs. Bedrock on the n.ght abutment appears to be about 12 to 18 ft bgs and on the teft--
abutment appears to vary from about 8 to 12 ft bgs. The rock is only about 1. ft bgs further up the
r -left abutment area. A zone of silts and clays is indicated at depths of approximately 19 to 26 ft
bgs and 35 to 37 ft bgs near the ngix%-gl;utment downstream toe. It is not indicated if these are
ft zonez: No test pits or bormgs are mdlcated in the impoundment area.
LitcraTiavs | e
Tallmgs consist of. 1nterbedded layers of soft to stiff elastic silt (60%) and loose to medium dense
poorly-graded sands and silty sand (40%) with mica and pyrite flakes. Based on two borings in
the east side of the impoundment, the maximum thickness of tailings in the impoundment is
approximately 70 to 75 feet (HLA, 1992). Confirmation of these depths and estimation of depth
variations over the impoundment area, particularly further upstream, have not been performed.
The loose silty sand tailing materials are reported to have liquefaction potential during seismic
events (HLA, 1992).

i . .
A MLy

mbankment soils reportedly consist of dense to very dense.,.. well graded silty sands. ,The overall
downstream embankment slope is shown on stability models to be approximately :

4(horizontal): 1 (vertical), although existing slopes appear to be steeper than this. The right WHST™

abutment is undgrlain by a thick blanket of glacial outwash and till from a few feet to 40 feet
> thick. The left Shutment slope is blanketed by a relatively thin mantle of slope debris and _
Qw_.)waf remnants of a lateral moraine near the base of the canyon slope with an intermediate 4-feet thick
zone of highly permeable, relatively clean sand. Natural foundation soils consist primarily of
dense to very dense poorly-graded gravels, dense to very dense poorly-graded sands and
moderately hard frlable pyroxemte bedrock with abundant magnetite and pyrite (HLA, 1992).

SRR . %xw Becow it Cpbsr o° 2926

"/ The surfac'e 'disc‘harge from 'th‘e tailing impoundfaent discharges through a reinforced concrete
, principal spillway at a crest elevation AMSL located on the left (east) abutment. An

Si to the principal spillway inlet. The principal spillway consists of an 8-feet wide by 4-feet high
%~..1  concrete box culvert approximately 169-feet long and an 8-feet wide by 3-feet high concrete
discharge channel approximately 965-feet long with a concrete and riprap outfall. The principal

inlet channel presently extends from the pond several hundred feet upstream from the dam crest _

e Wspillway has a reported full-channel discharge capacity of 731 cubic feet per second (cfs) with
9@5 N\, the water surfage at the dam crest. The concrete structures are reported .}Q be partially cracked
4 with some rocKs and debris near the inlet. Where 7 CHEae /1087
., BElsares Wiriee > Zechur Pemoers - 71{4,7 tasdtcqr€
The principal spillway and an emergency spillway, located on the right (east) abutment, are =~ Z€Rz.2
N reportedly designed for one-half of the probable maximum flood (1/2-PMF; Schafer and Assoc., AAve
¢ 1592) The peak inflow from the total Rainy Créek and Fleetwood Creek upstream dralnage aféa -
(9.4 square miles) for the ¥»-PMF event was com to be 5,838 cfs. The storage capacity of "4'0‘6.
the impoundment was estimated to be approximafely 1,302 acre-feet at the dam crest (Schafer Cflﬂ»v “
and Assoc., 1992). Routing the ¥2-PMF flood hydrograph through the reservoir resulted in a Texr
; peak discharge flow significantly lower than the peak inflow, and the present system of concrete 70 :
principal spillway on one abutment and earth-riprap emergency spillway on the other abutment  77¢
‘was recommended and constructed in the early 1990s. The emergency spillway is reported to be g:fz
0 Btpf)w.
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approximately 35-fczﬁ4vide by 380-feet long with riprap erosion protection at an elevation of
approximately 2,922 ft AMSL. The capacity of this emergency spillway with the water surface
at the dam crest is reported to be 1,129 cfs (Billmayer & Hafferman, 2009). Thus, the combined
discharge capacity of the principal and emergency spillways is approximately 1,860 cfs. 1129 cee
Recent risk-based analyses of the tailing dam concluded that’“th‘é%otential lossYof-life is 0.41 1860 -
(Billmayer & Hafferman, 2009). Based on the current Montana spillway st ces
design flow is therefore downgraded to an inflow design flood having a recurrence interval of
500 ve es performed for this flood event determined the peak inflow from Raingy and
Cor‘W Mﬁsm\buﬁﬁﬁng USGS regression equations for Montana stream peak
1™ flows. This method provides an approximate method of determining peak flow with a standard
5 ,?)56”" error of Br/%di‘:ﬁog eof ap rox%nr}ately 67 to 79 percent. Therefore, based on this analysis, the
p o existing.pca@mgﬁ*ﬁewg? 1,860 cfs fof.,ﬁ,‘.%pi% system, which is based on the %2-PMF
/) PIF inflow, is well in excess of the lates peak inflow from the 500-year flood event. Analyses were
/Z i performeassuming loss of upstreaﬂn vegetation due to a forest fire {vith[a greund cover of
. approximately 20 percenf The peak inflows forthis condition were estimate@be
approximately 851 cfs. Environmental risk analyses have not been performed for the tailing

storage facility. ~ s hoes Trre e 7
A —————er e .

By comparison, previous studies performed using a hydrograph analysis with full forest
vegetation conditions and an overall hydrologic Curve Number of 60, estimated the combined

peak flow from the 100-year, 24-hour storm event in Rainy and Fleetwood Creeks to be ' V" 2
w

. approximately 460 cfs (Schafer and Assoc., 1992). z— AP, SO0 wuer's 5 o BeTT ey
5 e Coucruses~ -
3“::,, Several open-tube piezometers are located in and near the dam embankment, which indicate Pec

, it either dry conditions or relatively low water levels. The maximum phreatic surface is reported to o
A0 7 be approximately 94 feet below the crest of the dam, or approximately 40 feet above the base of “'r“'ﬁ/

the dam. One piezometer (P-2) is reported to fluctuate several feet each year and up to a

witeH . maximum of approximately 33 feet. A piezometer at the dam toe (A-8) indicates piezometric RACE
surfaces varying approximately 5.5 feet at that location. The peak of the highest phreatic water - Faerl..
surface each year corresponds to the peak of the snowmelt/rain runoff in the ared i the late 3 £ ot
. -.spring, Only one piezometer is located within the tailing impoundment, which is reported to | '
ST __hay.ézndt‘ 'bgen‘mea.‘surable the last few dam inspections. This piezometer.(P-O).¢consists of a 2- _ lr
e ;.,\-ipch'diameter PVC casing with two Y-inch tubes inside, and appears to require compressed air 400 o
...+, for reading (Billmayer & Hafferman, 2009).
] -10E. preAns — VUSE CoMSI1srEaT Tiuduu-ecoa/ T ‘L

r-;ev’ m seepage-control pipes are located on the downstream embankment which have been 851 e,
tgl‘,‘,,-2;;(‘_ﬂl'gt@e‘c_l_pe’ri_odically (Billmayer, 2007a). The most récent dam inspections in December 2008
= and January 2009 reported on each of the twelve seepage pipes exiting the downstream L
embankment (Billmayer & Hafferman, 2009). This report also discussed the various 5%5% o
piezometers in and near the dam embankment. It was concluded that the drains and the phreatic
surface indicated by the piezometers follow the yearly surface water flow fluctuations. It was

Teax Flow Forrares TR Tarioo FRovy Pty
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further concluded that the majority of the volume of stream flow upstream of the tailing
impoundment infiltrates the tailings and subsequently reports to the toe drainage system. A
portion of the surface flow also discharges through the principal spillway during the late spring

most years. . L
4 W U-MA/ @,u’vb ﬂhir— n;-

A surface water, piezometer and toe drain monitoring report was prepared for the water year ﬂe& of
2008-2009 (Billmayer & Hafferman, 2010a). This report indicated approximately 1,154 acre- )

. feet of water flowed into.the talhng facility from Rainey and Fleetwood Creeks during the period Tike
from October 2, 2008 to October 23, 2009. Approximately 88% of this water discharged through 57“'

the toe drainage system, 10% discharged through the principal spillway and 2% was lost to . /ZW“"‘J :
groundwater recharge. Therefore, the great majority of the inflow to the tailing facility reports to

the toe drainage system. The maximum capacity of the toe drainage system is approximately Tu'
1,800 gallons per minute (gpm) and the base flow varies from approximately 200 to 400 gpm. -D‘/] '

This report concludéd that: “lacktng a means-to currently cut off drain 'flow or bypass inflow, the

entire stability of the KDID will depend on the ability of the drains to discharge the waterthat

infiltrates the reservoir and upstream face of the embankment. Therefore, the safety of the KDID

will depend solely on making sure that there is always full drain flow capacity” (Billmayer &
- Hafferman, 2010b). e Gossreor ReFrLsmees

0 L
TheE;bruary 2011-3qu described periodic water level data from 4 of the 12 piezometers '

located at the tailing dam from the dam crest to the toe. Some of the existing piezometers are not —!
functional and some of the plezonﬁel:}rg closer to glégal%‘n}‘en*s remain dry. A summary of these J- e

piezometer data and other gro('awater well data throughout the site are presented on Table 5-1. W_K
. The dam piezometer - data indicate that the maj onty ‘of the seepage from the impoundment ‘ W '
" intercepts the main toe drain system along the centerline of the dam near the maximum section. | ‘
~_ ‘The data also indicate that inflow to the impoundment has an almost immediate effect on the g
~ drain flow and a slightly delayed effect on the phreatic surface through the embankment. The ‘%/»af
recent highest phreatic surface through the embankment remained below the maximum phreatic ‘f) Y ht
surface modeled in the 1992 stability analysis. LoRIx”

Recent inspections of the interior of the twelve toe drains were performed using a video camera
(Billmayer & Hafferman, 2010b). These inspections indicated that the toe drains are in fair to
poor condition overall. Several of the drains were crushed or had gaps in the joints or other
penetrations which allowed roots and moss in some of the drains and silt, sand and rock in other
portions. One of the drains had turbid flow and another was transporting material out of the
embankment. Inspections indicated that seepage flow was occurring outside some of the drain
pipes and soft, wet areas are present near some drain outlets. Only the largest, central metal
drain appeared to provide clear and unobstructed flow, although the pipe interior is corroded.
This report recommended further investigations of the toe drain system. — UPO4TR.

B&H (2010a) recommended that “the active piezometers and possibly drain flow could be
monitored with transducers those transducers could be wired to a transmitter sending out real

5-5




time data. Real time piezometer and transducer data would provide the best opportunity to have
real time records and real time warnings when changes in these readings indicate problems.” It

‘was further recommended in this report that: “a piezometer tube be installed adjacent to the

spillway and that a transducer be placed in the piezometer and monitored for at least one if not

" two.seasons. ” This report also recommended that a flow measuring flume be installed in
.. Fleetwood Creek and that additional inflow data to the tailing impoundment be obtained from

Rainey and Fleetwood Creeks. Such data would likely provide important information for long-

term planning of remedial alternatives at the tailing impoundment. . < T v THe s de./

A groundwater monitoring well, Well C, is located downstream of the Tallmg Storage Facility,
approximately mid-way between the facility and the downstream Mill Pond. This is a 10-inch
diameter well, which originally contained a pump, and is approximately 72-feet-deep.
Groundwater levels in this well have varied from approximately 22 to 25 feet below ground
surface

ssge.  Srogmity Bulwe Seksne Byesvis

&
go"‘/ b Previous studies have concluded that the tailing embankment is stable during static and seismic
Eolr""r conditions with acceptable deformations reported for an analysis assuming a maximum credible
Po ‘,.n’" earthquake producing a hor_izon_tal ground acceleration of 0.30g (HLA, 1992). These analyses
of were based on the state of Moritana'standards prior to development of the new Montana Dam w;;’; ?

“Safety Standards for High-Hazard Dams. Previous analyses appear to have utilized two-

dimensional models in 1992. Recent stability analyses, with updated seismicity conditions, do

" not appear to have been performed for the structure. Finite element analyses of stress conditions

utilizing state-of-the-art models, do not.appear to have heen performed for the dam and.
foundation. Have. moT BErd

WS
larly if dj he d Al d d h -
partlcu arly if the impounded water is adjacent to the dam. A levee was recommended in the < souvet.

1992 HLA study to be located approximately 500 feet upstream from the dam crest to prevent
the pond from reaching the dam; however, the levee was not constructed.

The Draft Environmental Assessment for the site (Montana Department of State Lands, 1992) ™
identified a number of concerns with a full diversion of Rainy Creek around the Tailing Storage
Facility including the following: “The full diversion alternate increases the potential for failure,
and decreases the safety of the system----Stability of the structure in a massive flood condition
would be problematic---The channels carrying the diverted flows would be very large, and
inherently less stable than smaller channels, particularly when constructed in the side of a hill as
they would be in this case. From a hydrologic and geotechnical standpoint, any channel, natural
or constructed, located above the low point in a drainage is generally not considered to provide
good long-term service...Should diversion channels become plugged, or the system fail for some
other reason, the flood flows would quickly breach the diversions and enter the impoundment”.
This opinion was reiterated in the 1992 Schafer Engineering Analysis of Flood Routing
Alternatives report.
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It was noted in the February B&H report (2010a) that the tailing impoundment and dam
structure, including the drainage system, are now decades old. It was further recommended in
this report that: “the feasibility of cutting off the drain flow, breaching the reservoir, by-passing
the reservoir, or a combination of any or all or any other feasible means of decommissioning the
KDID should continue to be inyestigated.”

L N

eotechnical data including boring logs and laboratory testing were developed for this tailings.

dam during the 1992 study. Long-term maintenance of this tailir_lgs dam, to be evaluated in the
FS, will be based on existing and additional data yelated to the geotechnical characteristics,
confirmation of depth and extent of the tailings ih the impoundment.

CAN YOU ExbleEes TTE 2

‘-;“Coarse Tailing Pile o @F ONE oF THE AnE

FS Cureriq

- The Coarse Tailing Pile is located on the hillside east of the tailing impoundment and covers an

‘area of approximately 140 acres. Based on topographic mapping, the total height of the Coarse
Tailing Pile is approximately 700 feet and has side slopes of approximately 3:1 to 4:1. The

! -Coarse Tailing Pile reportedly has had some reclamation procedures applied as discussed below.

B
R

.A small surface impoundment is located at the east toe of this pile covering an area of
approximately 16,000 square feet (sf). Fleetwood Creek extends along the north toe of the
Coarse Tailing Pile and storm flow events likely extend the floodplain over the toe of the Coarse
Tailing Pile although specific hydrologic/hydraulic information was not identified for review.

| INDesre Gu Frouee 51
A portion of the Coarse Tailing Pile appears to be at the slopes of 2:1 to 4:1 and a portion,
approximately 65 acres, is reported to be too steep or over-steepened. This over-steepened

. portion was reportedly the borrow source for a tailing dam raise although documentation of this

activity has not been i'dentaied. The northwest pottion of the Coarse Tailing Pile extends into

the upstream po%on of the tailing impoundment and may have stability concermns— Rueed ou

0 How 16 I RepotTeD.7 e ¢
Groundwater level data beneath the Coarse Tailing Pile and in the surrounding areas were not
E\Eilil_’_l)lceﬁ)g,migw. Groundwater level data for a number of borings are presented in the 1982
Zinner Report, which included a zone near the upgradient portion of the Coarse Tailing Pile area
extending approximately 2,500 feet to the east (Figure 5-1). These indicated groundwater levels

“ 1. - varying from approximately 41 to 146 feet bgloW'ground surface in the summer of 1981 (Table
L S0 15 4 TRBE. . THHe. BEET (UadY TO | SuMAMRLEE T Dftrm O

The Coarse Tailing Pile has reportedly undergone reclamation work including run-on control,
contouring for runoff control, seeding, and planting of trees (Ray, 1999). The existing

e _re'cla;mati,o__n work has not been reviewed as part of this data needs assessment. This reclamation -
. 5 X work was, however, reviewed for bond release by the Montana Department of Environmental
“ - % Quality (MDEQ), 1999a).
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A portion of the Coarse Tailing Pile reportedly experienced snowmelt/rain runoff erosion in
2007. This area reportedly required an estimated 6,500 cubic yards (cy) of restoration fill from
nearby waste rock and relocation of an under-road culvert which apparently caused the washout
(Remedium, 2007). Information regarding implementation of this erosion restoration was not

f"I‘;d:n%ﬁed for review. Fing oor & T wis Dort
w

Gmm}for the Coarse Tailing Pile were not identified, other than anecdotal
descriptions. Varidus issues were rajsed following bond release in 1999 including comparable
stability and utility of reclaimed areas and levels of asbestos on the surface of reclaimed areas
and potential for continuing release (MDEQ, 1999b). It appears that insufficient data exist to
adequately assess the long-term stablhty of the over-steepened area near the Coarse Tailing Pile.
{/ Suth data will include geologic reconnaissance and settlement monuments in the over-steepened
area followed by:inclinometers if determined to be necessary based on the reconnaissance and T
settlement study. Geotechnical index parameters will need to be obtained from test pit samples s> et
in the coarse tailing area to determine engineering characteristics and the test pits will assist in 79 R
determining the volume of the coarse tailing pile. Groundwater data beneath the Coarse Tailing o
Pile do not exist and piezometers will need to be installed in the north portion of the area to oo
assess groundwater conditions. -
L c7)

Surface Mine Area

The Libby Mine site is Iocated on’top of a mountain that is part of the Rainy Creek Igneous

Complex and is the upper portion of a hydrothermally altered igneous pyroxinite complex, which
intruded into the Precambrian Belt Series rock. “Vermiculite Mountain” is generally a
bietite/vermiculite deposit occurring in a pyroxenite matrix. Intrusions -iw d pegmatite, éP
which originated from a nearby(Synenite body,lie within the deposit.  The vermiculite ore body |

at the Libby Mine contains various quantities of non-asbestos amphiboles as well as quantities of
asbéstiform or fibrous amphiboles. /?W 3 S

The Surface Mine Area covers an area of approximately 270 acres at the top of the mountain.
The disturbed area of the Surface Mine Area is contiguous with the mine waste rock piles
immediately to the south. The former mill area was located just west of the Surface Mine Area
and all assomated fac111t1es have been removed. 1 Otchre o 7:‘ G u?JZ 5, { A4 FpAAR.
8 | B tprianario (23 (Res T
The Surface Mine Area includes the former “Glory Hole” which covers an area of approx1mate1y
15 acres southeast of the former mill area and adjacent to the Waste Rock Pile area. This was
reportedly filled with miscellaneous mine waste debris (typical Class II landfill material), then Ny Ifrsrofticre
covered and seeded as part of reclamation (Ray, 1999). BN J4 ‘;041" o
[~
The Surface Mine Area was reportedly reclaimed in the 1990s including regrading, seeding and rhict
planting (Ray, 1999). This MSpected for bond release in 1999 by the MDEQ. Issues Sy/ptriav

%L"‘Tl%



remaining included levels of asbestos on reclaimed areas and water quality concerns related to
potentially hazardous materials disposed in the Glory Hole and other areas (MDEQ, 1999b).

A stockpile of soil removed from residential yards in Libby is located on the Surface Mine Area

as shown on Figure 5-2. The existing volume of this stockpile has not been identified.

Previous geologic and hydrogeologic investigations conducted in this area provide limited
information regarding the local groundwater flow systems. The available groundwater
monitoring wells, along with observed springs, are shown on Figure 5-1. Two wells were
installed by WR Grace in 2000: one monitoring well was installed adjacent to the Glory Hole

(MW-1; Well E in later reports) and the other monitoring well was installed near the west toe of
the old waste dump (MW-2; W.R. Grace & Co., 2000; Well H in later reports). Another well,

Well D, is locateq 1n an old pump house building that may have served as potable water source
for the mine. 2
Wit g.p ks Durip 7

Well E (MW-1) near the Glory Hole is a 2-inch PVC well screened from 235 to 250 feet bgs.

The log of the monitoring well indicates approximately 4 feet of rock fill over approximately 16

feet of vermiculite with weathered pyroxenite below this to a depth of approximately 82 feet

below ground surface. Biotite pyroxenite bedrock was identified from a depth of 82 feet to the

bottom of the borehole at a depth of approximately 250 feet below ground surface. Groundwater - .y

was found at a depth of approximately 242 feet below ground surface and produced

approximately 1 to 2 gallons per minute. Recent water-level measurements of groundwater in -

Well E (MW-1) indicate groundwater levels varying from approximately 78 to 190 feet below
ground surface. Groundwater level data are presented on Table 5-1.

Well H (MW-2) has a total depth of approximately 90 feet and is bélieved to be a more recent
well located near a haul road on the hillside west of the mine. The well is also a 2-inch PVC,
screened from 60 to 70 feet bgs. The well log indicates topsoil containing vermiculite for the
- first S feet overlying gravelly sand to approximately 15 feet bgs. Loose, fine sand with mafic
minerals and areas of vermiculite are present to the bottom of the well. During groundwater
sampling in July 2008 the total depth of the well was measured at 71 feet. Groundwater was
identified in Well H (MW-2) during well construction at approximately 56 feet bgs and was
reportedly high in arsenic and lead (MDEQ, 2000), although such data were not identified.
Monitoring data from Well H in 2008 indicate groundwater levels approximately 60 feet to
greater than 71 feet (dry conditions) below ground surface.

Well D is located at the bottom of a 5-foot-diameter culvert that extends approximately 8 feet
below and 2 feet above the surrounding ground surface. The well is 10 inches in diameter, is

ccased with steel, and is screened from 345 to 385 feet bgs. The well initially was drilled to a total
- depth of 405 feet, then backfilled to 385 feet. Measurements in July 2008 indicate that the total
depth extends to approximately 378 feet bgs with a soft sediment bottom. The well log indicates
fill material to a depth of 37 feet bgs overlying vermiculite to 157 feet bgs. Pyroxinite and biotite

Cyn
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pyroxinite bedrock were indicated from 157 to 215 feet bgs with a zone of dike material
consisting mainly of quartz until approximately 378 feet bgs. The last 5 feet (to a total depth of
405 feet bgs) of the boring contained vermiculite. Data collected during construction indicated
water levels at approximately 240 feet bgs and production of around 30 gpm. Measurements of
groundwater levels in 2008 indicated levels approximately 241 to 244 feet bgs.

No records of groundwater monitoring wells or water level data have been identified in the
eastern portion of the Surface Mine Area.

An earlier geo-hydrologic study was performed in areas north and south of the mine area that
included drilling of approximately 100 boreholes to depths up to approximately 170 feet below
ground surface (Zinner, 1982). These boreholes were located in the area between Waste Rock
Piles 2 and 3 south of the mine and in an area east of the coarse tailing pile north of the mine.
The boreholes indicated overburden materials from neas zero to a maximum:of approximately 90
feet bgs. Vermiculite pyroxenite was found below the overburden in thicknesses varying from
approximately 40 to 170 feet bgs. Biotite pyroxenite bedrock was found from approximately 40
to 190 feet bgs. -

Groundwater levels in these boreholes varied from the ground surface, with artesian conditions
in the area between the waste rock piles, to approximately 140 feet below ground surface. The
twelve artesian boreholes produced approximately 1 to 2 gpm water flow with release of trapped
gas. Two boreholes north of the mine produced water flows of up to approximately 20 gpm. It
was theorized that “the aquifer is probably the result of a permeable zone of sandy and gravelly
till overlain by a less pervious till” (Zinner, 1982 [Harding and Lawson, 1974]). Zinner
theorized that “the artesian conditions are thereby the results of the upper inclination of glacial
deposits to the canyon head where recharge takes place” (Zinner, 1982). Confirmation of these
theories has not been made and the areal extent of such conditions has not been determined.

f§ﬁﬂ“’“c>
As part of the same study, two deep boreholes were drilled in the mine area: one was drilled toa ~ 1a16¢
depth of 900 feet through the 2204 mining level (Hole 130) and one was drilled to a depth of 970 lecAriovs
feet north of the mine area (Hole 131). The first deep borehole in the mine area indicated of
approximately 10 feet of overburden with 15 feet of vermiculite underlain by biotite pyroxenite TAeSA
to the 900 foot depth. This deep borehole produced approximately 25 gpm at the 500-foot depth, berf
approximately 350 to 500 gpm was produced from a depth of 700 feet and drilling was stopped Borifsus
at 900 feet as approximately 1,000 to 2,000 gpm were being discharged to the surface. The final but
water level was approximately 66 feet below ground surface indicating the water level was under Fle.
piezometric conditions. Another deep borehole was reportedly drilled 200 feet from Hole 130 -1
which was reported to be under artesian conditions discharging approximately 5 gpm (Zinner,
1982). The second deep borehole north of the mine (Hole 130) did not encounter strong water
producing zones as did Hole 130, although approximately 25 gpm was reported at a depth of %Esu .T‘
approximately 500 feet below ground surface. The location and logs of deep boreholes 130 and | Magwe €
131 were not provided in the Zinner report. SEMNSE,

- - cHeer vl Myt
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Anecdotal information regarding an underground mine beneath the Libby Surface Mine Area has K4 \

not been confirmed. Information regarding such underground workings was not identified ‘:

during this investigation. - wiedt |
Wi, ;
No additional geotechnical data were identified for review from the Surface Mine Area. 4"1
ecldo me .
Mine Waste Rock Piles GO |
: : , Laert ¢
The mine Waste Rock Piles are located south of the surface mine and cover a total area of ' roo

approximately 230 acres. The toes of the Waste Rock Piles extend southwest to Carney Creek in [
some locations and the side slopes appear to be roughly at the angle of repose, and some l
contouring has reportedly been performed. (?he Waste Rock Piles consist of three major piles — j2¢/gr—
south and southeast of the former mill)F or the purposes of this investigation, the larger Waste ., .
Rock Pile located to the south of the former mill site is designated WRP-1, the middle pile is 2 |
designated WRP-2 and the southeast pile is designated WRP-3. o l
Eelor TS yunere T |
Topographic maps indicate that the largest WRP-1 has a total height in excess of 850 feet on the ‘
west side and has an overall slope of approximately 2:1 with haul roads and benches. Portions of l
the east side of WRP-1 and WPR-2 and WRP-2 have heights of approximately 150 to 200 feet at ’
side slopes varying from 1.2: to 1.4:1. The existing hillside slopes vary from approximately
2.5:1 to 2.8:1. The topographic maps and aerial views (Google, 2010) indicate areas of gully l
erosion from the waste rock piles. ' (
|
t
1

A small waste debris area, covering approximately 3 to 4 acres was located southwest of the mill.
It was reported that miscellaneous debris (including drums) from this smaller Waste Rock Pile
was disposed in an excavated area southwest of the mill site approximately 800 feet east of the
Lower Pond (Ray Engineering, 1995). Water samples were reportedly obtained during
reclamation of the small waste debris area but were not identified for review. This 1995 report
also indicated movement of mine waste on the hillside thought to be caused by seepage from a
spring and local areas of impounded water.

A land farm was reportedly developed for treatment of wastes from a leaking underground
.- storage tank at or.near the mill site. Information and data for this land farm treatment facility
were not identified for review.

The Waste Rock Piles are reported to have undergone reclamation activities in the 1990s similar
to the Coarse Tailing Pile and Surface Mine Area although the degree of reclamation is not
known. A landslide area at one of the Waste Rock Piles covering approximately 45 acres
exposed an old landfill in the 1990s, which was apparently reclaimed and the landfill debris was
relocated elsewhere. The MDEQ reported that the landslide area had dried out and appeared to
have stabilized (MDEQ, 1999a). However, hillside springs may re-appear at varipus locations
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depending upon snowpack and other factors. Decomposing vermiculite is typically a very weak
- material and its presence within the waste rock piles would tend to weaken the overall structures,
particularly over time.

As discussed above, the Zinner report indicates artesian conditions in several of the boreholes

.*. between WRP-2 and WRP-3. It is not known how this artesian groundwater condition affects

the stability of the waste rock piles. The Zinner report observed that the “load created by the
waste dumps and their impedance of water flow has created instability in the surrounding slopes
and in the valley bottom” (Zinner, 1982). Several springs have been located on the hillside
between WRP-2 and WRP-3, which appear to confirm the presence of artesian conditions in this
vicinity.

© " Well F was identified at the top of WRP-1, which is presently in poor condition. One

. groundwater data point was available for this well in October 2007 which indicated a

groundwater level approximately 214 feet below ground surface. Well F is reportedly not in
service at this time due to poor conditions of the well, and it is believed Well H, located ‘
approximately 2000 feet northwest of Well F, may be a suitable surrogate(Phiase IT SAP part B). "

One groundwater monitoring well, Well A, is located just north of Carney Creek below WRP-1
and WRP-2. Well A indicates groundwater varying from less than one foot below ground
surface during portions of the year to approximately 3 feet bgs.

A 1992 environmental assessment determined that “the waste rock dump has inherent stability
problems due to the structure of the ore and waste rock. The dump is currently standing at the
angle of repose (1.25 to 1.5:1)....As a result of mass wasting, the waste rock dump toe has
encroached on the Carney Creek stream channel. The slumping of waste rock has forced the
creek to cut a new channel through the waste rock that has rolled to the bottom of the drainage
in the end dumping process used to form the waste rock dump” (Montana Department of State
Lands, 1992).

Geotechnical data for the Waste Rock Piles were not identified and it appears there are

insufficient data to assess the long-term stability of the facilities in the FS.‘@ueh data needed for
analysis will include bulk samples for index parameters, compaction characteristics and strength
parameters. Investigations will include test pits and geotechnical borings.| $ptevey b4&

MO

5.2  Data Quality Assessment

This data quality assessment includes a review of the identified engineering data for the Tailing
Storage Facility, wlnvl-( primarily ielades data for the impoundment dam related to stability and
safety, aad for the Surface Mine Area, whxch-melude{ limited monitoring well dayé Lstmited

engineering data-quality-assessmentis-included-fer the Coarse Tailing Plle and the Waste Rock
P)lj ma&b&sed-nn&ery limited data adjacent to the areas)
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- ASTM procedures.

W inspections. All of these piezometers@Wasymonitored in the 2007, 2008-2009 and 2010 A&ﬁvmu ot

|
Tailing Storage Facility 2 ;
e . w ;F;‘ ok PWD : WW {
Because of the high-hazard rafing of the tailing impoundment dam,/geotechnical stability and part f
hydrologic reports were completed for the facility in 1992 and periodic safety inspections have ot NS |
been performed since that time. Periodic safety inspections have found the structure to be safe ) |
with the implementation of additional maintenance measures associated with the downstream |
drainage system and with the addition of a reinforced concrete box culvert outlet through the left ?us%‘? L

b

( abutment and conctete dlscharge flume and chute downstream of the dam. !
oL DRAW Syertn T ? How |
The geotechnical report completed in 1992 included 10 geoteén-lcal bori o depths ranging vy f
from approximately 22.5 to 77 feet below ground surfmmﬁsiere classified in % W
accordance with American Society of Testing and Materials (ASTM) Standard D-2487 and ’
visual-manual procedures were performed in accordance with ASTM D-2488. Standard
Penetration Tests (SPTs) were performed in the borings in accordance with ASTM D-1586.
Selected disturbed and undisturbed soil samples were tested for moisture content, dry density, :
Atterberg Limits, gradation, percent passing the No. 200 sieve, unconsolidated-undrained triaxial |
" shear strength, consolidation and compaction characteristics. Although the testing procedures :
were not reviewed in detail, they were reportedly performed in accordance with established

o¢ e RKDID
The original designjin 1971 included 8 geotechnical borings and 14 test pits in the vicinity of the

starter dam and downstream of the proposed dam embankment. No explorations were

performed upstream in the impoundment area. The borings determined the depth to bedrock and

the test pits indicated near surface conditions. Standard penetration data were not reported for

the borings and the general subsurface conditions were described from the boring and test pits

logs presented on the design drawings. It is not known what quality control procedures were s

T(dé

utlhzesthe sampling and analysis of subsurface materials. WAt E .

WERLE YA arety wsha oy

Twelve piezometers at the tailing dam hgve been monitored during, the periodic safety -
Recors Aece,

inspection reports (Billmayer & Hafferman, 2009 and 2010a). One additional piezometer not
measured is—;};]_;arently located in the impoundment area approximately 300 feet northeast of the
dam crest. Annual monitoring of the piezometers have reportedly found the phreatic surface in |
the dam to be relatively low, with a maximum height of approximately 3 to 4 feet above the dam |
foundation (HLA, 1992 and Billmayer, 2007a). Seven of the thirteen piezometers monitored \
contained water during the 2007 annual inspection and the latest inspection reported similar 5
conditions, Real-time piezometric data for the dam has not been performed because transducers '
and data loggers have not been utilized in the open-tube piezometers.

The 2007 inspection report concluded that the dam was in good to excellent condition and that -
no significaiit structural or maintenance concerns were found that would require immediate
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action (Bxllmayer 2007a). The emergency action plan, operational plan, routine maintenance
plan and plezometer monitoring logs were reported to be up-to-date and effectively addressed the

- structure and its components. The annual dam safety inspections have reportedly begn approved

by the Dam Safety Program of the Montana Department of Natural Resources (DNRC).

The 2007 dam inspection report recommended cleaning the seepage outlet drains and performing
minor maintenance work on the dam and concrete box culvert and chute spillway, some of which
was described in a Montana 310 permit application (Billmayer, 2007b). S_OW has
apparently been performed and recent photographs of the inside of some drain pipes indicate
some corrosion and deterioration (Billmayer & Hafferman, 2009). Long-term éffectiveness-of - * |
the existing dam drainage system has not been performed and is suspect due to the corrosion of
some drain pipes. The most recent toe drain inspection report (Billmayer, 2010b) indicates that
the toe drainage system is in generally fair to poor condition and the report recommended further
field investigations of this system.

The 2007 dam inspection report also recommended that a review of bank stability and seismic Vs ,;,N‘A
stability be performed (Billmayer, 2007a). Documentation of this review has not been identified. ~ ™ 40
The 2007 inspection report also recommended that preparation for the 5-year operational permit ~ gia0
renewal inspection be conducted no later than the, fall of 2008. These recommendations 1P e
included: 1) development of a complete catalog of all available documentation and reports for nh*

the tailing dam, 2) a complete review of the stability analysi's.haébd onthe latest piezometer data, B";:w
and 3) a review of the seismic stability of the embankment based on the new Montana Dam

Safety Seismic standards for high-hazard dams in Montana.

Recent stability assessments have relied on previous geotechnical field investigations, laboratory
analyses of materials and stability analysis models. The most recent inspection report (Billmayer
& Hafferman, 2009) included a review of the 1992 seismic stability study by Harding Lawson.

" However, a critical review of updated seismic information was not apparently performed for the

" dam; fheieﬁn:,ﬂt‘thed agreement with the previous analyses performed in 1992, '
 Verification of foundation conditions at the dam have not been performed, the original borings
and test pits at the dam site were performed in 1971 and the most recent geotechpical borings in

the vicinity of the dam were performed in 1991. Bedrock cores were not obtained and rock
quality designations (RQDs) were not performed for the dam foundation. Additional stability
analyses using recent state-of-the-art two-dimensional models have not been performed for the
structure nor have finite element analyses of the dam structure stress conditions been performed.

Data regarding embankment movement over time has not been identified. There do not appear
to be any surveyed settlement monuments on the dam crest; only visual assessments of

embankment move d erosi ed. L

Wit Do tuese
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Some discrepancies exist regarding previous hydrologic analyses performed for the Tailing
Storage Facility (Schafer and Assoc., 1992) and recent hydrologic analyses of inflow design
floods (Billmayer & Hafferman, 2009). The USGS regression equation methodology utilized in
recent analyses likely does not have the accuracy required (67-79% std. error) for a structure

such as the Tailing Storage Facility Dam at the Libby Mine, )< D 1D

Surface Mine Area INTIOOU A 4 New K416

A few boreholes are réported to have been performed in the Surface Mine Area including some

deep boreholes, although engineering-geologic data were not identified for the boreholes. One

geologic log was identified for the monitoring well adjacent to the Glory Hole (MW-1; Well E)

in the Surface Mine Area. It is not known what procedures were utilized in measurement of  Weé
groundwater levels and what quality control procedures, if any, were utilized in the sampling and 6'4’0
“analysis of groundwater from the monitoring wells. . Groundwater well sampling has been

performed as part of the RI and various data gaps appear to exist for groundwater level data. The —yat¥=
log of reported MW-2 (Well H) was not identified for review. -

Insufficient geotechnical data exist in the Surface Mine Area to characterize site conditions with
the objective of supporting evaluation of remedial alternatives in the FS. — Wildr's . FUE

RAsts &~ St s
Data and information regarding reported underground mine workings and how such workings -
may affect the surface mine area, or other site areas, have not been identified.

Coarse Tailing Pile | Pm ?

As mentioned above, no geotechnical‘engineeri data were identified for the Coarse Talllng
Pile other than anecdotal information regarding grain size of the coarse tailing materials. A
geo-hydrologic report performed in the early 1980s (Zinner, 1982) presented general subsurface
logs for areas east.of the Coarse Tailing Pile, north of the surface mine. These indicated varying
groundwater levels east of the Coarse Tailing Pile, but data was not identified to define _
groundwater levels within the Coarse Tailing Pile area. It is not known what quality control
procedures were utilized in measurement of the groundwater levels or in characterization of
subsilrface‘ material«s.- )

L '-'-~,\;_‘.= R

The general quallty and amount of data'in the Coarse: Tallmg P11e Area, including surface and
subsurface geotechnical and groundwater level data are insufficient for analysis of FS
alternatives.

Waste Rock Piles

Geotechnical data'were not available for the waste rock piles and only one groundwater level
data point was ‘available at one of the waste rock piles. The Zinner report indicated artesian
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conditions between two waste rock piles (WRP-2 and WRP-3) but did not define the lateral
extent of such conditions. Springs in the vicinity of the previous Zinner borings appear to
confirm artesian conditions, although no additional monitoring well data is available in the
vicinity. It is not known what quality control procedures were utilized in the collection of data
prior to 2007.

The gené'rél"dﬁalifiaﬁd ariount of data in the Waste Rock Piles Area, including surface and
subsurface geotechnical and groundwater level data, are insufficient for analysis of FS
alternatives.

_ Available groundwater level data for the site are presented in Table 5-1.

5.3  Data Quality Objectives

Data quality objectives (DQOs) define the type, quality, purpose and intended uses of data to be
collected (EPA, 2006). The seven steps involved in the DQO process will be followed to
provide an effective project plan and to provide sufficient information to support key-dectsions,
regafdmg remedial alternatives. The DQO process developed by EPA includes the following following
steps : 1) State the problem that the study is designed to address, 2) Identify the decisions

to be made with the data obtained, 3) Identify the types of data inputs needed to make the

decision, 4) Define the bounds (in space and time) of the study, 5) Define the decision rule which
will be used to make decisions, 6) Define the acceptable limits on decision errors, and 7)
Optimize the deS1gn using infogmation identified in Steps 1-6.

AT gL RUTadeAt /{«Lm W, //Ncww»c, meE Ao Aeross

Statement of Problem ALrE Bt At J s 4 FA

Remedlal alternatives (mcludmg No Action) to be 1dent1ﬁed and evaluated in the FS require a
sufficient amount of engineering information to support the evaluation of implementabitity,
effectiveness-and-cest.Various remaining questions need to be addressed for each of the areas,
including the Tailing Storage Facility, the Coarse Tailing Pile, the Surface Mine Area and the
Waste Rock Pile Area, to be evaluated in the FS.
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Tailing Storage Facility: lone TV EFECeriwmess [ Peasrgsart
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Geotechnical data have been developed previously for the Tailing Storage Facility dam for
stability and safety evaluations. Such data appear to be acceptable for defining the general safety
of the dam along with regular inspections and maintenance procedures. However questions
remain regarding the facility and additional data are needed to answer remaining questions for
FS evaluations, including:
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What is the thickness of tailings within the impoundment? This is required to estimate the
volume of tailings. This question can be answered by performing Cone Penetrometer
Tests (CPT) within the impoundment.

What is the consistency of the tailings at various depths within the impoundment? This is
required to evaluate stability and liquefaction potential and can also be answered by the
CPTs.

What are the piezometric conditions within the impoundment upstream from the dam
embankment? This is required is determine the stability, seepage conditions and
liquefaction potential of the impoundment. This can be answered by the CPTs in
combination with repair and measurement of the existing piezometer (P-O) within the

impoundment area along with installation of a vibrating wire piezometer at this location.
L wiry

What is the current state of consistency (density, softness etc.) of dam embankment and
foundation materials? This is required to update stability analyses and determine the

current overall stability of the dam. This can be answered by a deep geotechnical boring

u,‘(

through the maximum dam section into the underlying foundation bedrock along with @‘W o
!

associated sampling and geotechnical testing of various samples.

What are the real-time piezometric variations in the dam embankment? This is required
to better determine the potential rapid drawdown conditions within the embankment for
stability analyses and the effects of varying piezometric conditions on the tailing
impoundment and embankment. This can be answered by installing pressure transducers
in the new boring and in at least two existing piezometers within the embankment with
data loggers and possibly remote data transmittal.

What are the verified foundation conditions for the tailing dam including the consistency
of materials through the maximum dam section and the bedrock conditions beneath the
dam? This is required for updated stability analyses of the tailing dam. This question
can be answered by a deep borehole through the dam maximum section with sampling
and geotechnical testing.

What is a quantified amount of movement of the tailing dam over time? This is required
to verify long-term stability in addition to visual assessments. This question can be
partially answered by installation of a surface settlement monument on the dam crest.

— fag:
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Coarse Tailing Pile:

Various questions regarding the Coarse Tailing Pile remain for FS evaluations including:

What is the thickness of Coarse Tailing Pile materials? This is required to estimate the
volume of materials within the Coarse Tailing Pile and can be answered with a series of
test pits throughout the facility excavated to native materials beneath the tailing materials.

What are the characteristics and variability of materials within and over the Coarse
Tailing Pile? This is required to determine the long-term erosion potential and stability
of the facility. This can be answered by sampling of materials and testing for index
geotechnical characteristics such as grain size analysis and Atterberg Limits.

What isthe gf‘oun'dwéter level within or beneath the Coarse Tailing Pile? This is required
to determine the piezometric conditions for assessment of long-term stability of the

facility. This can be answered with installation of piezometers in two of the test pits with - -

screened interval spanning the base of the tailing and original ground surface.

What are the stability and conditions of the over-steepened area of the Coarse Tailing = - N

Pile? This is required to evaluate the long-term stability of the area. This may be
answered by a complete initial geologic reconnaissance of the area based on standard
protocol with an associated report, followed by surface settlement monuments or
borehole inclinometers if determined to necessary.

Surface Mine Area:

Various questions remain regarding the Surface Mine Area including:

What is the global stability of the Surface Mine Area? This is required to assess the long-
term stability of the area, particularly the area with benching and side slopes, and can be
answered by test pits with limited geotechnical testing of samples and by performing
visual assessments of the benches and existing conditions in the steep portions of the
area.

What are the groundwater levels in the north and east portions of the Surface Mine Area?
This is required to provide a better understanding of the overall potentiometric conditions
throughout the mine area, and can be partially answered by restoration of Well J in the
north part of the area.

What is the volume of residential yard soils currently stored at the Surface Mine Area?
This is required to determine the amount that - may be used to place as cover over
presently uncovered portions of the area. This can be answered by performing a review
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of the amount of soils hauled to the site or possibly a ground survey of the soil stockpile
if necessary. '

Questions regarding the reported underground mine workings may need to be addressed
during the FS. However, no field exploraﬁ?}s associated with this are recommended at this

time.

Hepotre> Wuken ©

- Waste Rock Piles:

Various questions remain regarding the Waste Rock Pile Area including:

e What is the thickness of the waste rock piles? This is required to estimate the volume of
the waste rock piles and can be answered utilizing data from boreholes developed
through the wastes into the subsurface soils and the possible use of seismic refraction
surveys on the waste rock piles.

e What is the composition of the waste materials, particularly the amount of decomposing
vermiculite? This is required to determine the overall strength of the waste piles which is
important to know to assess the long-term stability of the piles. This can be answered by
obtaining samples of the wastes from borings and test pits and testing the materials for
index geotechnical parameters and rock/soil types.

e What is the in-situ density of fine-grained materials in the waste rock piles? This is
important to know to assess the long-term stability and creep potential of the waste rock
piles and their impact on the surrounding land. This can be answered by analyzing
moisture and density of relatively undisturbed samples of materials obtained from
boreholes and test pits and comparing them with compaction test data on disturbed
samples of waste rock materials.

e What is the amount of LA asbestos in the waste rock piles at various depths? This is
required to determine the potential release of materials into the environment and also the
stability of the piles. This can be answered by sampling materials from various depths in
borings and test pits and testing for LA.

e What is the impact of high groundwater and potential artesian conditions on the waste
rock piles, particularly those adjacent to previously reported high groundwater and
artesian conditions (between WRP-2 and WRP-3; Zinner “Area 1”’)? This is required to
assess the impact of potentially high piezometric conditions on the long-term stability of
the waste rock piles, and to assess the potential for hydraulic release of LA materials to
the environment from high groundwater conditions. This can be answered by installing
boreholes with monitoring wells into WRP-2 and WRP-3 adjacent to the previously
reported high groundwater and artesian conditions between these waste rock piles.

. .




e What is the quantified movement of the waste piles over time? This is important to know
to verify existing stability of the piles in addition to visual assessments, and can be
partially answered by installation of surface settlement monuments at key locations on
the waste piles and with borehole inclinometers. '

Identify the Decision =~ - - °

The engineering data collected during the OU3 RI Phase III is intended to help EPA decide if

d what remedial alternatives are feasible and necessary to protect human health and/or
ecological receptors from unacceptable risks from asbestos and any other mining-related
contaminants at the Tailing Storage Facility, Surface Mine Area, Coarse Tailing Pile, and Waste
Rock Piles over the long term.

Identify Types of Data Needed

Engineering data needed for the various areas at OU3 include:

e Boring logs and test pits with associated logging in accordance with generally accepted
ASTM standards and Cone Penetrometer Testing (CPT) in the tailing impoundment area;

e Subsurface soil sampling for bulk samples and relatively undisturbed samples;

e Geotechnical laboratory testing for index parameters such as grain size analysis and
Atterberg Limits and strength/durability characteristics as necessary depending upon
location of sampling;

o Installation of piezometers and groundwater monitoring wells for routine measurement
and assessment of groundwater and phreatic surfaces through the various facilities;

e Geologic reconnaissance and field inspection of existing conditions is needed in some
areas as a first step in evaluation of long-term stability;

¢ Installation of settlement monuments, or borehole inclinometers if determined to be
necessary, at various locations to assess long-term embankment and waste pile/hillside
stability concerns; and

¢ Survey data to determine the location and elevation of borings, test pits, monitoring
wells, piezometers and settlement monuments or inclinometers and to verify existing
slope conditions at the facilities.

e Seismic refraction survey information to define general subsurface conditions at the site.
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Define Bounds of Study

The spatial bounds of the study include the total areas currently occupied by the Tailing Storage
Facility, Coarse Tailing Pile, Surface Mine Area, and Waste Rock Piles at OU3.

The temporal bounds of the study will include one season of geotechnical sampling and
monitoring new monitoring wells and settlement monuments, or borehole inclinometers, as

applicable during a typical range of annual groundwater conditions.

Define the Decision Rule

The quality and results of engineering data from OU3 will not be used to determine if remedial
action is necessary. However, used in combination with the decision rules for human and
ecological risks and for potential environmental impacts, the data will be used to support FS
evaluations.

Define Acceptable Limits on Decision Errors

Acceptable limits on decision errors for engineering data from OU3 will be based on established
engineering principals, accepted ASTM standards and engineering judgment. Typically, if data
are within reasonable limits for the type of material sampled and within the range of previous
data for similar materials or previous data for the facilities, the data will be accepted.

Optimize the Design

The sampling design is based on the DQO process, the site characteristics and scale, and
anticipated needs to support identification and evaluation of remedial alternatives in the FS
process. Locations of investigation and sampling points may be varied somewhat in the field
_from the plan dgp.e_r}ding upon field conditions encountered.

5.4  Sampling Design

The sampling design includes various field geotechnical cone penetrometer tests, borings and
test pits with associated logging, sampling and testing of soils, tailings and waste rock from the
borings and test pits. The approximate location of the test pits and borings are shown on Figure
5-2 and the program is summarized in Table 5-2. Ranges of sample numbers are provided. The
lower number indicates the minimum requirement. If the material is heterogeneous more
samples than the minimum may be required based on field observation. Depending upon initial
field investigations in various areas, additional geotechnical investigations may be necessary in
addition to those indicated on Table 5-2. Such areas may include the potential diversion
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locations for Rainey Creek around the Tailing Storage Facility and the over-steepened area of the
Coarse Tailing Pile.

Additional field geologic reconnaissance and inspection of existing conditions of various areas
will also be performed as will land surveying of various features.

The location and elevation of all borings and test pits will be determined using survey-grade
global positioning system (GPS) equipment. This equipment should provide the state plane
coordinates to the nearest tenth of a foot and should provide the elevations to the nearest tenth of
a foot based on feet above mean sea level.

All excavated test pits and boring cores will be documented with digital photography as
necessary for each of the sampling locations.

Tailing Storage Facility

Previous investigations at the Tailing Storage Facility included a total of 10 borings developed
for the 1992 geotechnical stability investigation of the impoundment dam. A total of 12
piezometers are annually monitored for dam safety inspections, none of which are within
impounded tailings upstream of the dam. The original tailing dam design also included a series
of borings in the vicinity of the dam which identify bedrock.

A total of three cone penetrometer tests (CPT) are proposed at the Tailing Storage Facility
impoundment to verify the thickness and characteristics of the impounded tailing materials and
subsurface conditions: at the upstream area (approximately 500 feet upstream of the
embankment) where a levee was proposed in the 1992 report, one approximately 1,000 feet
upstream from the dam and one approximately 2,000 feet upstream from the dam as shown on
Figure 5-2. The location of these CPTs is approximate and may vary in the field depending upon

accessibility. ”0 - W T0 Sucua?/

Use of CPT methods should utilize low-ground-presstire equlpment to a&:ess areas not p0551b
with a conventional drill rig. This method does ngt extract samples of subsurface materials for
laboratory testing, but rather utilizes electronic fyiction cone or piezocone equipment to record
the penetration resistance of subsurface strata. 7This data presents a qualitative correlation to
physical properties of materials present such ag shear strength, bearing capacity, void ratios and
pore pressures. Since data is continuously recorded, the depth, thickness and variation in the
stratigraphy provide a complete profile of the materials encountered. The CPT data will be
presented in standard format for each location with associated analyses of the data, _

One deep geotechnical borehole should be drilled through the maximum tailing dam section at
least 25 feet into underlying bedrock. This should be performed by a combination of auger rig
and air rotary methods, as necessary, with sampling of embankment, tailing and bedrock
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materials. It is estimated that the depth of this borehole will be approximately 175 to 180 feet.
Disturbed samples of drill cutting will be collected as will split spoon samples in liners and
undisturbed thin wall tube samples. Two thin-wall (Shelby) tube samples will be collected of
fine-grained tailing and embankment materials. One or two rock core samples will be collected
of the bedrock beneath the tailing dam. Index tests (grain size analyses and Atterberg Limits)
will be performed on several samples and in-situ moisture-density tests will also be performed on
tube samples. One Standard Proctor Compaction test will be performed on a bulk sample of

embankment material for comparison with in-situ moisture-density tests. One undisturbed tube

sample will be tested for triaxial shear. The borehole will be converted to a piezometer with
screened interval in the lower portion of the embankment just above the foundation. A
transducer will be installed in the piezometer, along with a data logger, to record real-time
piezometric conditions within the dam embankment.

The existing non-functional piezometer in the impoundment area (P-0) should be repaired as
necessary to assess the plezometrlc condltlons in that area. It is recommended that a vibrating
wire piezometer be inistalléd o monitor pore pressure changes in the tailing materials. Such
instruments provide a better assessment of piezometric conditions than open-tube piezometers in
fine-grained materials such as tailings. Vibrating wire piezometers will be stainless steel units
with durable pressure transducers capable of measuring pore pressures from -50 to 1,000
kilopascals (kPa; 145 pounds per square inch, psi) with an accuracy of plus or minus 0.1% full
range. The unit shall be hermetically-sealed with durable cables and data loggers as necessary.
The piezometer will be adequately protected with locking steel casings and concrete collars as
necessary.

At least two of the existing piezometers in the dam embankment should be modified with
installation of pressure transducers to measure real-time piezometric changes in the embankment.
These should be installed in P-2 and PM-2 at a minimum, with possible installation in A-8. Data
loggers should be installed to record all data with possible remote readout capability.

“rel
At least one concrete settle:ént monument will be placed on the tailing dam crest at the
maximum section and will be surveyed to establish baseline data. This will provide needed
quantification of embankment movements to complement and verify visual assessments and
piezometer readings during periodic inspections. This will be a 10-inch diameter by 48-inch
deep concrete cylinder installed vertically with the top approximately 3 inches above the existing
ground surface. It may be either cast-in-place or precast concrete constructed with concrete
having a minimum 28-day compressive strength of at least 3,500 pounds per square inch (psi).
The top surface will have an embedded brass survey marker and will be surveyed for horizontal
and vertical control from existing benchmarks; to the nearest 0.01 ft. Subsequent surveyed
readings should then be performed twice per year through the FS period and following final
remedial action. A survey point on the existing concrete principal spillway structure should also
be established with associated ba}eline data.

Do )/w HEANS - W 5.23
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Visual assessments of existing ground conditions along potential diversion dam and diversion
channel alignments for Rainey Creek upstream and adjacent to the Tailing Storage Facility will
need to be made as a first step. If determined to be necessary during visual assessments, various
test pits may be excavated at the potential diversion dam and channel locations with associated
logging and sampling for index parameters.

Geophysical survey procedures may be performed at the Tailing Storage Facility as necessary if
P’M access by CPT equipment is not possible in portions of the impoundment. This would be a
wa ground seismic refraction survey.

fo Coarse Tailing Pile

Geotechnical investigations for the Coarse Tailing Pile will require four test pits. Approximate
70 locations of the test pits are shown on Figure 5-2. The location of the test pits may vary in the
p

- ) .
CQ( field depending upon accessibility. .. 6‘ wi Guerc. CU' Bl ML

WPI The test pits will be excavated with a large backhoe (track-hoe) to depths of approximately 10 to
D‘YVA' 12 feet. Slopes of test pits will be laid back to provide safe conditions as required by OSHA.
The test pits will be logged by an experienced geologist or geotechnical engineer. Bulk samples
(NAT of coarse tailing materials and underlying materials will be obtained and relatively undisturbed
WQUD hand-driven samples will be obtained as possible. The hand-driven samples will be collected in
e 2-inch diameter by 4-inch long brass or stainless steel tubes. Alternatively 3-inch diameter by 6-
Cob"'aw inch long brass or stainless steel tubes could also be used.

Two test pits should be excavated near the toe of the Coarse Tailing Pile: one approximately 100
to 200 feet west of the pond and another approximately 800 to 1,000 feet west of this. These
should be excavated to the base of the coarse tailing. Another test pit should be excavated about
mid-way up the Coarse Tailing Pile slope in a relatively stable area and another should be
excavated near the top of the Coarse Tailing Pile. el

Bulk samples of cover soils, coarse tailing and subsurface materials should be collected from
three of the test pits, as applicable. These samples should be tested for index properties
including grain size analyses and Atterberg Limits as necessary depending amount of fines in the
sample. In general, if the sample contains less than 10 percent fines (silt and clay passing the
No. 200 sieve), Atterberg Limits will not be required, and the grain size analyses only need to be
on the plus 200 sieve sizes. A few index property tests will be performed on bulk samples and
in-situ moisture-density tests will be performed on relatively undisturbed tube samples. In
addition, a few samples of existing coper soils should be tested for organic content. An
assessment of the areal extent and thickness of existing cover soils will be madifor the entire

Coarse Tailing Pile Area.
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Two of the test pits in the Coarse Tailing Pile area, CTP-TP1 and CTP-TP2, will have open-tube
piezometers installed to determine groundwater levels and fluctuations beneath the area. These
test pits will need to be.excavated deep enough to reach groundwater level beneath the coarse
tailing. The piezometers will consist of a 1.5-inch diameter PVC tube installed vertically with a
screened interval from the base of the tailing to the groundwater level likely below the original
ground surface. Granular fill filter material will be placed around the screened interval and
compacted backfill and tailing placed around the remainder of the piezometer.

A geologic reconnaissance will be performed in the over-steepened area of the Coarse Tailing
Pile as a first step. This reconnaissance should evaluate all surface conditions including visible
surface features, seeps, if any, and evidence of movement with associated digital photographic
documentation. A land survey should be performed of the over-steepened area including the
adjoining land on both sides, above and below the area. If determined to be necessary following
the initial investigations, settlement monuments will be installed at selected locations to monitor
movement of the area over time. If movement of the over-steepened area is occurring,
inclinometer(s) may be installed to further evaluate movements at depth.

Surface Mine Area

The Surface Mine Area will be investigated with test pits as shown on Figure 5-2 and with visual
assessments of the area. Two test pits are recommended in the Surface Mine Area with
associated logging and sampling of cover soils, mine wastes and subsurface materials. The
thickness of cover soils should be recorded at each location and the soil horizon should be logged
as necessary.

Bulk samples of subsurface materials should be obtained for index testing from at least one test
pit: grain size analyses and Atterberg Limits Additionally, a sample of cover soil should be tested
for organic content.  An assessment of the areal extent and thickness of existing cover soils will
be made in the g:rface Mine Area.

Wy T
A review of the amount of residential soils currently stockpiled on the Surface Mine Area should
be made. The existing stockpile of residential soils may be surveyed if necessary to obtain an

accurate volume of such materials.

Existing groundwater monitoring wells at the Site are being sampled as part of the RI. Data from
this sampling will be used in the assessment of conditions in the Surface Mine Area and Waste
Rock Pile Area. Existing Well J should be restored to obtain groundwater levels in that area, if
ossible. —

P20 NN e Acawer  wier wp Resotes Prer s IR
Data from existing monitoring wells Well E (MW-1), Well H (MW-2), Well D, Wells F and J (if
possible), and previous well information from the Zinner Report, in addition to new monitoring
wells to be installed will be utilized to gain a better understanding of the geo-hydrologic
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conditions in the Surface Mine-Waste Rock Pile-Carney Creek area. Conceptualization and
characterization of the groundwater system in the project area will be performed in accordance
with accepted standards.

Mine Waste Rock Piles

The three Waste Rock Piles will be investigated through a series of four test pits and three
borings with two monitoring wells. The four test pits will include two on WRP-1 and one each
on WRP-2 and WRP-3. Two or three of the test pits will be excavated near the top of the Waste
Rock Piles and the remainder will be excavated in lower, accessible portions of the Waste Rock
Piles.

One boring is proposed at the top of WRP-1 to assess the thickness of mine waste and subsurface
soil horizon for stability. These borings should extend at least 5 feet into the native materials
beneath the Waste Rock Pile for confirmation purposes. One boring each will be advanced
through WRP-2 and WRP-3 within a few hundred feet of the previous borings which indicated
artesian groundwater conditions. These should be located up-gradient and down-gradient of the
previous boreholes performed in the Zinner Study Area 1. The exact locations will be field
selected based on accessibility. Approximate locations of borings, monitoring wells and test pits
shown on Figure 5-2 may vary in the field depending upon accessibility.

Two of the borings, in the WRP-2 and WRP-3 areas, will be developed as monitoring wells with
5 to 10 feet screened intervals within the groundwater zones encountered. It is anticipated that
this will require 2-inch diameter Schedule 80 PVC casing. The MWs should be developed as
necessary and monitored at least quarterly during the FS evaluation period. These monitoring
wells should have protected steel pipe sections above ground surface with locking tops and
concrete slabs at ground surface.

If possible, Well F should be rehabilitated to provide additional groundwater data between the
surface mine area and the largest waste rock pile (WRP-1). "

Three settlement monuments will be installed in the WRP areas to assess movement of these
structures over time. These will be 10-inch diameter by 48-inch deep concrete cylinders
installed vertically with the top approximately 3 inches above the existing ground surface. These
may be either cast-in-place or precast concrete constructed with concrete having a minimum 28-
day compressive strength of at least 3,500 pounds per square inch (psi). They will have brass
survey markers embedded in the top and will be surveyed for horizontal and vertical control
from existing benchmarks, to the nearest 0.01 ft. '

One borehole inclinometer will be installed in WRP-B1. This inclinometer will allow an
assessment of the overall movement of waste rock pile with depth. The inclinometer, along with
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the surface settlement monument located approximately 800 feet to the northwest, will provide
an overall assessment of the movement of the largest waste rock pile over time.

Bulk samples of cover soils, waste rock and subsurface materials, as applicable should be
obtained and tested for index parameters of grain size and Atterberg Limits, compaction and

. organic content of cover soils as necessary. Index tests will be performed on bulk samples, and a
few organic content tests will be performed onsurface soils and compaction tests will be
performed on bulk, composite samples. The size of bulk samples may vary from large zip-lock
plastic bags for index and organic content tests to 5-gallon bucket samples for compaction tests.
An assessment will be made of the approximate volume of vermiculite in the Waste Piles based
on visual assessments and sampling of borings and test pits.

Relatively undisturbed samples from borings or test pits will also be tested for in-situ moisture
density. These in-situ moisture density tests will provide a definition of existing material
conditions throughout the waste rock piles and some will be compared to the compaction tests to
estimate the existing degree of compaction of materials. In addition, samples will be tested for
strength to assess short and long-term stability of the Waste Rock Piles. The decomposition
potential of materials within the waste rock piles will be evaluated through the use of freeze-
thaw or slake-durability tests of selected samples of materials.

Geophysical survey methods may be utilized to determine subsurface conditions in areas
between boreholes and in areas without any subsurface data. Such methods may consist of
surface seismic refraction surveys or down-hole seismic surveys as applicable to the conditions.

Previous well information from the Zinner Report, in addition to new monitoring wells to be
installed in boreholes (WRP-B2 and WRP-B3) will be utilized to gain a better understanding of
the geo-hydrologic conditions in the Waste Rock Pile-Carney Creek area. Conceptualization and
characterization of the groundwater system in the project area will be performed in accordance
with accepted standards.

5.5  Analytical Requirements

The latest revision of the ASTM standards should be followed for all geotechnical soil and rock
sampling and testing procedures. The following ASTM standards will be followed in sampling
and analysis of geotechnical samples from OU3:

e Geotechnical Field Work should be performed in accordance with ASTM D-420 (Site
Characterization for Engineering Design and Construction Purposes).

¢ Geologic reconnaissance procedures should be performed in accordance with standard
ASTM procedures (Part 4.5 of ASTM D420-2003).
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Subsurface soils encountered in test pits and borings should be logged by an experienced
geologist or geotechnical engineer in accordance with ASTM D-2487 (Classification of
Soils for Engineering Purposes; Unified Soil Classification System) based on visual-
manual procedures specified in ASTM D-2488 (Description and Identification of Soils;
Visual-Manual Procedure).

Standard penetration tests during boring shall be performed in accordance with ASTM D-
1586 (Standard Test Method for Penetration Test and Split-Barrel Sampling of Soils).

Air rotary drilling will be performed in accordance with ASTM D-5782 (Standard Guide
for Use of Direct Air-Rotary Drilling for Geoenvironmental Exploration and the
Installation of Subsurface Water-Quality Monitoring Devices).

Rock core drilling and sampling of rock beneath the tailing dam will be performed in
accordance with ASTM D-2113 (Standard Practice for Rock Core Drilling and Sampling
of Rock for Site Investigations).

Downhole seismic testing will be performed in accordance with ASTM D-7400
(Standard Test Method for Downhole Seismic Testing).

Seismic refraction investigations will be performed in accordance with ASTM D-5777
(Standard Guide for Using Seismic Refraction Method for Subsurface Investigations).

Selection of geophysical subsurface investigation methods will be performed in
accordance with ASTM D-6429 (Standard Guide for Selecting Surface Geophysical
Methods).

Cone penetrometer testing shall be performed in accordance with ASTM D-5778
(Standard Test Method for Performing Friction Cone and Piezocone Penetration Testing
of Soils).

Relatively undisturbed cohesive soil and tailings samples should be obtained using a
Shelby Tube in accordance with ASTM D-1587 (Standard Practice for Thin-Walled Tube
Geotechnical Sampling of Soils)

Grain size analyses of soils should be performed in accordance with ASTM D-422
(Standard Test Method for Particle-Size Analysis of Soils) for sieve and hydrometer

analyses.

Atterberg Limits tests should be performed in accordance with ASTM D-4318 (Standard
Test Methods for Liquid Limit, Plastic Limit and Plasticity Index of Soils).
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Rock core samples from beneath the tailing dam will be evaluated in accordance with
ASTM D-5878 (Standard Guide for Using Rock-Mass Classification Systems for
Engineering Purposes).

Relatively undisturbed samples should be tested for in-situ moisture and density in
accordance with ASTM D-2216 (Standard Test Method for Laboratory Determination of
Water [Moisture] Content of Soil and Rock by Mass) and ASTM D-2937 (Standard Test
Method for Density of Soil in Place by the Drive-Cylinder Method).

Standard compaction tests for waste materials should be performed in accordance with
ASTM D-698 (Standard Test Method for Laboratory Compaction of Soil Using Standard
Effort; Standard Proctor).

Relative density of cohesionless granular materials, if any, should be tested in accordance
with ASTM D-4253 (Standard Test Method for Maximum Index Density and Unit
Weight of Soils Using a Vibratory Table) and ASTM D-4254 (Standard Test Method for
Minimum Index Density and Unit Weight of Soils and Calculation of Relative Density).

Direct shear tests of undisturbed and remolded soils should be performed in accordance
with ASTM D-3080 (Standard Test Method for Direct Shear Test of Soils under
Consolidated Drained Conditions).

Slake-Durability tests, if performed on materials obtained from the waste rock piles,
should be performed in accordance with ASTM D-5312 (Standard Test Method for Slake
Durability of Shales and Similar Weak Rocks).

Freeze-Thaw tests, if performed on materials obtained from the waste rock piles, should
be performed in accordance with ASTM D-4644 (Standard Test Method for Evaluation
of Durability of Rock for Erosion Control under Freeze-Thaw Conditions).

Organic content of soils should be performed in accordance with ASTM D-2974
(Standard Test Methods for Moisture, Ash, and Organic Matter of Peat and Other
Organic Soils).

Monitoring wells will be installed in accordance with ASTM 5092 (Design and
Installation of Ground Water Monitoring Wells in Aquifers).

Vibrating wire piezometers will be installed in accordance with USBR or U.S. Army
Corps of Engineers requirements.

Borehole inclinometers will be installed and monitored in accordance with ASTM D-
6230 (Test Method for Monitoring Ground Movement Using Probe-Type Inclinometers).
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e Monitoring wells will be protected in accordance with ASTM D-5787 (Standard Practice
for Monitoring Well Protection).

e Groundwater conditions in the Surface Mine and Waste Rock Pile Areas should be
evaluated in accordance with ASTM D-5979 (Standard Guide for Conceptualization and
Characterization of Ground-Water Systems).

5.6  Quality Control

Quality control will be performed on a continuous basis by site personnel as work progress in the
field. Field record books will be maintained as necessary and field logs will be maintained and
copied daily to eliminate the possibility of lost data. Approximately 5 to 10 percent additional
samples will be collected in the field, beyond those specified, for later testing if test results
appear to be in error.

Samples will be handled, packaged, labeled and shipped to the testing laboratory in accordance
with accepted ASTM and EPA standards. All testing by the laboratory will be performed in
accordance with accepted ASTM standards including all required data and information reporting
required by the standards.

Field logs of borings and test pits will be reviewed and corrected as necessary based on the
laboratory testing. The geotechnical report will be developed by consultants for W.R. Grace and
reviewed by the various parties involved in the program.

Surveying for location and elevation of borings and test pits will be performed in accordance

with accepted survey standards of the American Congress on Surveying and Mapping (ACSM)
and the National Society of Professional Surveyor (NSPS).
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Table 5-1: Groundwater Level Data

. . Sample Water Level | Water Level
Description Location Datl; Elevation (ff) (ft bgs) Notes
2/20/2009 2797.8 8.2
1/15/2009 2797.7 8.3
12/1/2008 2797.8 82
10/30/2008 2797.8 8.2
10/2/2008 2797.9 8.1
A8 8/8/2008 2799.0 7.0
7/3/2008 2801.3 4.6
6/3/2008 2803.0 2.9
5/20/2008 2803.3 2.7
5/16/2008 2802.1 3.9
4/23/2008 2798.4 7.6
3/10/2008 2797.6 8.4
5/8/2007 2800.7 5.2
P-0 - - - Not Functional

P1 5/8/2007 - - Dry
2/20/2009 27223 119.9
1/15/2009 2721.8 120.4
12/1/2008 2721.6 120.6
10/30/2008 2723.1 119.2
10/2/2008 27243 117.9
8/8/2008 2726.5 115.8
Kootenai Development P2 7/3/2008 2736.8 105.4
Impoundment Dam Piezometers 6/3/2008 2754.7 87.5
(PVC Open-Tube, except P-O) 5/20/2008 2751.8 90.5
5/16/2008 2750.9 91.3
4/23/2008 2727.8 1144
3/10/2008 2722.6 119.7
2/7/2008 2722.1 120.1
5/8/2007 2734.6 107.6

P3 5/8/2007 - - Dry
P4 5/8/2007 2746.2 105.2
P5 5/8/2007 2763.8 103.6
2/20/2009 2757.6 53.7
1/15/2009 27574 53.9
12/1/2008 27574 53.9
10/30/2008 2757.4 53.9
10/2/2008 2757.4 53.9
8/8/2008  2758.2 53.1
PM1 7/3/2008 2761.6 49.7
6/3/2008 2762.9 48.4
5/20/2008 2763.1 48.2
5/16/2008 2764.9 46.5
4/23/2008 2761.1 50.2
3/10/2008 2759.8 51.5
5/8/2007 2761.7 49.6
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Table 5-1 Continued

Sample

Water Level

Water Level

Description Location Date Elevation (ft) (ft bes) Notes
2/20/2009 2734.0 103.7
1/15/2009 2733.7 104.1
12/1/2008 2733.7 104.1
10/30/2008 27339 103.9
8/8/2008 2736.7 101.1
PM2 7/3/2008 2740.3 97.5
Kootenai Development 6/3/2008 2747.1 90.7
Impoundment Dam Piezometers 5/20/2008 2749.8 88.0
(PVO) 5/16/2008 2749.4 88.4
Continued 4/23/2008 2736.7 101.1
3/10/2008 2734.3 103.5
5/8/2007 2741.6 96.2
PM3 5/8/2007 2767.5 51.6
PM4 5/8/2007 - - Dry
PM5 5/8/2007 - - Dry
PM6 | 5/8/2007 - - Dry
"CCC Well" in Carney Creek ' 7/22/2008 3349.6 1.8
drainage, upstream of pond below | Well A | 9/29/2008 3351.0 04
fine tailings 10/1/2007 3348.1 3.3
In clearing across small creek 7/22/2008 2764.6 22.8
south of tailings dam, upstream of | WellC | 9/29/2008 2763.3 24.1
Watergate 10/1/2007 2763.4 24.1
7/23/2008 3583.6 241.5
In pump house above (cast of) 9/30/2008 35812 243.9
tailings pond dam, potable supply Well D
well. Well log dated 11/28 10/1/2007 3579.6 245.5
2/25/1986 3584.2 240.9
7/23/2008 3789.0 172.6
"MW-1" just off road on broad W 9/30/2008 3770.6 191.1
ellE
top level, ESE of pump house 10/1/2007 3883.4 78.3
9/22/2000 3771.2 190.5
2-inch PVC well on edge of slope Poor
above (north) of C argn ey Cr. P Well F 10/1/2007 3406.4 2139 Condition
7/24/2008 3281.3 59.9
West of Mine "MW-2" WellH | 9/30/2008 - - Dry
10/4/2000 3287.4 53.8
726 7/1/1981 - - no wi
zZ27 7/1/1981 3758.0 -2.0 | Artesian
728 7/1/1981 3755.0 -12.5 | Artesian
729 7/1/1981 - - no wl
Zinner Well Study Area | Z30 7/1/1981 3751.0 -9.7 Artes?an
Z31 7/1/1981 3748.0 -2.0 | Artesian
732 7/1/1981 3744.0 8.6 | Artesian
Z33 7/1/1981 3741.0 4.6 | Artesian
734 7/1/1981 3740.0 1.5 | Artesian
235 7/1/1981 3734.0 14.7
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Table 5-1 Continued

Sample

Water Level

Water Level

Description Location Date Elevation (ft) (ft bgs) Notes

Z36 7/1/1981 3735.0 17.6
Z37 7/1/1981 3666.0 80.6
Z38 7/1/1981 - - no wi
Z39 7/1/1981 - - no wl
Z44 7/1/1981 3615.0 95.3
Z45 7/1/1981 - - no wi
Z46 7/1/1981 3714.0 -4.7 | Artesian
Z47 7/1/1981 3713.0 -9.2 | Artesian
Z48 7/1/1981 3705.0 -16.6
Z49 7/1/1981 3710.0 -10.2 | Artesian
Z50 7/1/1981 3702.0 -1.5
Z51 7/1/1981 3696.0 5.7
Z52 7/1/1981 3649.0 56.9
753 7/1/1981 3627.0 84.8
Z54 7/1/1981 3550.0 158.2

Zinner Well Study Area 1 7255 7/1/1981 3545.0 161.2

Continued 256 7/1/1981 - - no wi

Z57 7/1/1981 3552.0 139.4
Z58 7/1/1981 - -
Z59 7/1/1981 - - no wl
Z60 7/1/1981 3516.0 167.2
762 7/1/1981 - - no wl
7263 7/1/1981 3544.0 143.9
Z64 7/1/1981 3618.0 68.3
Z65 7/1/1981 - - no wi
Z66 7/1/1981 3675.0 2.8
Z67 7/1/1981 - -
768 7/1/1981 3664.0 70.9
Z69 7/1/1981 3712.0 129
Z70 7/1/1981 3718.0 1.6 | Artesian
Z71 7/1/1981 3732.0 -20.3 | Artesian
Z72 7/1/1981 3728.0 -2.7
7283 7/1/1981 - - no static wl
Z84 7/1/1981 3417.0 63.2
Z85 7/1/1981 3414.0 70.0
786 7/1/1981 3348.0 122.2
787 7/1/1981 3334.0 123.7
788 7/1/1981 3338.0 123.0

Zinner Well Study Area 2 789 7/1/1981 3351.0 89.0
290 7/1/1981 3445.0 17.7
Z91 7/1/1981 - - no static wl
792 7/1/1981 3445.0 82.3
793 7/1/1981 3446.0 78.2
294 7/1/1981 3456.0 74.9
295 7/1/1981 3479.0 49.0
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Table 5-1 Continued

.. . Sample Water Level Water Level
Description Location Datz Elevation (ft) (ft bgs) Notes
296 7/1/1981 3485.0 41.3
Zinner Well Study Area 2 797 7/1/1981 - - no static wi
Continued 798 7/1/1981 - - no static wi
Z99 7/1/1981 3467.0 76.4
Z73 7/1/1981 3418.0 72.6
Z74 7/1/1981 3407.0 85.0
Z75 7/1/1981 3410.0 81.7
276 7/1/1981 3443.0 46.4
Z78 7/1/1981 - - no static wl
z79 7/1/1981 3466.0 93.1
Z80 7/1/1981 - - no static wi
Z81 7/1/1981 - - no static wl
782 7/1/1981 - - no static wl
Z100 7/1/1981 - - no static wl
Z101 7/1/1981 3506.0 145.9
2102 | 7/1/1981 - - no static wl
Z103 7/1/1981 3529.0 111.7 .
2104 7/1/1981 - - no static wl
Z105 7/1/1981 3531.0 91.1
Zinner Well Study Area 3 Z106 7/1/1981 - - no static wl
2107 7/1/1981 3540.0 99.0
Z108 7/1/1981 - - no static wil
2109 7/1/1981 3544 .0 113.4
Z110 7/1/1981 - - no static wl
Z111 7/1/1981 3556.0 100.5
Z112 7/1/1981 3562.0 90.1
Z113 7/1/1981 3608.0 44.0
Z116 7/1/1981 3418.0 96.4
Z117 7/1/1981 3458.0 62.2
Z118 7/1/1981 3410.0 111.3
Z119 7/1/1981 3458.0 69.4
2120 7/1/1981 3460.0 69.5
Z121 7/1/1981 3460.0 67.1
Z122 7/1/1981 - - no static wi
Z123 7/1/1981 - - | no static wl
Z124 7/1/1981 - - no static wl
CCS-1 | 6/28/2008 34725 0.0 | Seep
CCS-11 | 6/28/2008 3723.5 0.0 | Spring
CCS-14 | 6/28/2008 3761.1 0.0 | Spring
Carney Creek Seeps/Springs CCS-16 | 6/28/2008 3676.3 0.0 | Seep
CCS-6 | 6/28/2008 3285.2 0.0 { Seep
CCS-8 | 6/28/2008 3254.1 0.0 | Seep
CCS-9 | 6/28/2008 3005.7 0.0 | Seep
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Table 5-2: Summary of Geotechnical Investigations

Boring, Bulk Samples | Undisturbed Index Moisture- Compaction | Strength | Rock Durability Organic Piezometers or Comment
Test Pit or Samples Tests Density Tests Tests Tests Tests Content Tests Monitoring Well
Item
ID
Install New Piezo. &
TSF-B1 23 2 34 2-3 1 1TX 1-2 RQDs Transducer & Data At Max. Dam Section
Logger
TSF Std. CPT Ryt
CPT-1t03 .
TSF .
. Repair Piezo.;Add
Existing — ——— ——eee — ——- — — — Install VW Piezo.
Data Logger
Piezo. P-0
Existing P-
Install Transducers Data Loggers
2 and PM-2
CTP-TP1 1-2 1 12 1 | e | - ———mnen 1 Install New Piezo. ——
CTP-TP2 1-2 1 1-2 1 ——————n — | e 1 Install New Piezo. —
CTP-TP4 1-2 1 1 1 —— | e ——- 1 B —
CTP
Geologic ——— —— — | e ——— e — | e ——mmen Possible SM/Inclin
Recon.
SMA-TP2 1 - 1 B — 1 ———— —
WRP-B1 2-3 23 2-3 1-2 1 1-TX — — | e Install Inclinometer
WRP-B2 1-2 1-2 1-2 1-2 —— e ————- —— - New MW
WRP-B3 1-2 1-2 1-2 12 | e —— —————e—- ———mmee New MW
WRP-TP1 1-2 1 1 1 —————— —— 1 F-TorS-D | -—
WRP-TP3 1-2 1 1 1 e . 1 —
WRP-TP4 1-2 1 1 1 1 1-DS 1S-DorF-T | — —_— ——
Notes:  TSF denotes Tailing Storage Faciliy SMA denotes Surface Mine Area
CPT denotes Cone Penetrometer Test DS denotes Direct Shear Test.
F-T denotes Freeze-Thaw Test VW denotes Vibrating Wire Piezometers
CTP denotes Coarse Tailng Pile S-D denotes Slake-Durability Test
WRP denotes Waste Rock Pile TX denotes Triaxial Shear Test

Settlement Monuments at TSF and WRP areas not shown and existing MWs not indicated although water level measurements required from all existing MWs
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5.4  Sampling Design

The sampling design includes various field geotechnical cone penetrometer tests, borings and
test pits with associated logging, sampling and testing of soils, tailings and waste rock from the
borings and test pits. The approximate location of the test pits and borings are shown on Figure
5-2 and the program is summarized in Table 5-2. Ranges of sample numbers are provided. The
lower number indicates the minimum number of samples that are required. If the material is
heterogeneous, more samples than the minimum may be required to ensure sampling is
representative. The decision to collect more samples will be made in the field based on field
observation. Depending upon initial field investigations in various areas, additional geotechnical
investigations may be necessary in addition to those indicated on Table 5-2 (e.g., at the over-
steepened area of the Coarse Tailing Pile).

Additional field geologic reconnaissance and inspection of existing conditions of various areas
will also be performed as will land surveying of various features.

The location and elevation of all borings and test pits will be determined using survey-grade
global positioning system (GPS) equipment. This equipment should provide the state plane
coordinates to the nearest tenth of a foot and should provide the elevations to the nearest tenth of
a foot based on feet above mean sea level. '

All excavated test pits and boring cores will be documented with digital photography as
necessary for each of the sampling locations.

Tailing Storage Facility

Data needed to evaluate the stability and liquefaction potential of the tailings impounded
in the Tailings Storage Facility:

A total of three cone penetrometer tests (CPT) are needed at the Tailing Storage Facility
impoundment to determine the thickness (to support volume calculations) and characteristics of
the impounded tailing materials and subsurface conditions: at the upstream area (approximately
500 feet upstream of the embankment) where a levee was proposed in the 1992 report, one
approximately 1,000 feet upstream from the dam and one approximately 2,000 feet upstream
from the dam as shown on Figure 5-2. The location of these CPTs is approximate and may vary
in the field depending upon accessibility.

CPT methods should utilize low-ground-pressure equipment to access areas not possible with a
conventional drill rig. This method does not extract samples of subsurface materials for
laboratory testing, but rather utilizes electronic friction cone or piezocone equipment to record
the penetration resistance of subsurface strata. This data presents a qualitative correlation to
physical properties of materials present such as shear strength, bearing capacity, void ratios and




pore pressures. Since data is continuously recorded, the depth, thickness and variation in the
stratigraphy provide a complete profile of the materials encountered. The CPT data will be
presented in standard format for each location with associated analyses of the data.

Data needed to perform an updated stability analysis of the impdundment dam:

One deep geotechnical borehole should be drilled through the maximum tailing dam section at
least 25 feet into underlying bedrock to collect information to allow a determination of the
current state of consistency (density, softness, etc.) of the dam embankment and foundation
materials. The drilling of the geotechnical borehole should be performed by a combination of -
auger rig and air rotary methods, as necessary, with sampling of embankment, tailing and
bedrock materials. It is estimated that the depth of this borehole will be approximately 175 to
180 feet. Disturbed samples of drill cutting will be collected as will split spoon samples in liners
and undisturbed thin wall tube samples. Two thin-wall (Shelby) tube samples will be collected
of fine-grained tailing and embankment materials. One or two rock core samples will be
collected of the bedrock beneath the tailing dam. Index tests (grain size analyses and Atterberg
Limits) will be performed on several samples and in-situ moisture-density tests will also be
performed on tube samples. One Standard Proctor Compaction test will be performed on a bulk
sample of embankment material for comparison with in-situ moisture-density tests. One
undisturbed tube sample will be tested for triaxial shear. The borehole will be converted to a
piezometer with screened interval in the lower portion of the embankment just above the
foundation. A transducer will be installed in the piezometer, along with a data logger, to record
real-time piezometric conditions within the dam embankment.

The existing non-functional piezometer in the impoundment area (P-0) should be repaired as
necessary to assess the piezometric conditions in that area. It is recommended that a vibrating
wire piezometer be installed to monitor pore pressure changes in the tailing materials. Such
instruments provide a better assessment of piezometric conditions than open-tube piezometers in
fine-grained materials such as tailings. Vibrating wire piezometers will be stainless steel units
with durable pressure transducers capable of measuring pore pressures from -50 to 1,000
kilopascals (kPa; 145 pounds per square inch, psi) with an accuracy of plus or minus 0.1% full
range. The unit shall be hermetically-sealed with durable cables and data loggers as necessary.
The piezometer will be adequately protected with locking steel casings and concrete collars as
necessary.

At least two of the existing piezometers in the dam embankment should be modified with

installation of pressure transducers to measure real-time piezometric changes in the embankment.
These should be installed in P-2 and PM-2 at a minimum, with possible installation in A-8. Data -
loggers should be installed to record all data with possible remote readout capability.




The piezometer data will be used to determine the potential rapid drawdown conditions within
the embankment to support an updated stability analysis. The data will also be used to determine
the effects of varying piezometric conditions on the tailings impoundment and embankment.

At least one concrete settlement monument will be placed on the tailing dam crest at the
maximum section and will be surveyed to establish baseline data. This will provide the data
needed to quantify embankment movements. The data will complement and verify visual
assessments and piezometer readings taken during periodic inspections. This will be a 10-inch
diameter by 48-inch deep concrete cylinder installed vertically with the top approximately 3
inches above the existing ground surface. It may be either cast-in-place or precast concrete
constructed with concrete having a minimum 28-day compressive strength of at least 3,500
pounds per square inch (psi). The top surface will have an embedded brass survey marker and
will be surveyed for horizontal and vertical control from existing benchmarks; to the nearest 0.01
ft. Subsequent surveyed readings should then be performed twice per year through the FS period
and following final remedial action. A survey point on the existing concrete principal spillway
structure should also be established with associated baseline data.

Geophysical survey procedures may be performed at the Tailing Storage Facility as necessary if
access by CPT equipment is not possible in portions of the impoundment. This would be a
ground seismic refraction survey.

Coarse Tailing Pile

Data needed to determine the long-term stability and erosion potential of the coarse tailings
pile: '

Geotechnical investigations for the Coarse Tailing Pile will require four test pits. Approximate
locations of the test pits are shown on Figure 5-2. The location of the test pits may vary in the
field depending upon accessibility.

The test pits will be excavated with a large backhoe (track-hoe) to depths of approximately 10 to
12 feet. Slopes of test pits will be laid back to provide safe conditions as required by OSHA.
The test pits will be logged by an experienced geologist or geotechnical engineer. Bulk samples
of coarse tailing materials and underlying materials will be obtained and relatively undisturbed
hand-driven samples will be obtained as possible. The hand-driven samples will be collected in
2-inch diameter by 4-inch long brass or stainless steel tubes. Alternatively 3-inch diameter by 6-
inch long brass or stainless steel tubes could also be used.

Two test pits should be excavated near the toe of the Coarse Tailing Pile: one approximately 100
to 200 feet west of the pond and another approximately 800 to 1,000 feet west of this. These
should be excavated to the base of the coarse tailing. Another test pit should be excavated about




mid-way up the Coarse Tailing Pile slope in a relatively stable area and another should be
excavated near the top of the Coarse Tailing Pile.

Bulk samples of cover soils, coarse tailing and subsurface materials should be collected from
three of the test pits, as applicable. These samples should be tested for index properties
including grain size analyses and Atterberg Limits as necessary depending amount of fines in the
sample. In general, if the sample contains less than 10 percent fines (silt and clay passing the
No. 200 sieve), Atterberg Limits will not be required, and the grain size analyses only need to be
on the plus 200 sieve sizes. A few index property tests will be performed on bulk samples and
in-situ moisture-density tests will be performed on relatively undisturbed tube samples. In
addition, a few samples of existing cover soils should be tested for organic content. An
assessment of the areal extent and thickness of existing cover smls will be made for the entire
Coarse Tailing Pile Area.

Two of the test pits in the Coarse Tailing Pile area, CTP-TP1 and CTP-TP2, will have open-tube
piezometers installed to determine groundwater levels and fluctuations beneath the area. These
test pits will need to be excavated deep enough to reach groundwater level beneath the coarse
tailing. The piezometers will consist of a 1.5-inch diameter PVC tube installed vertically with a
screened interval from the base of the tailing to the groundwater level likely below the original
ground surface. Granular fill filter material will be placed around the screened interval and
compacted backfill and tailing placed around the remainder of the piezometer.

A geologic reconnaissance will be performed in the over-steepened area of the Coarse Tailing
Pile as a first step. This reconnaissance should evaluate all surface conditions including visible
surface features, seeps, if any, and evidence of movement with associated digital photographic
documentation. A land survey should be performed of the over-steepened area including the
adjoining land on both sides, above and below the area. If determined to be necessary following
the initial investigations, settlement monuments will be installed at selected locations to monitor
movement of the area over time. If movement of the over-steepened area is occurring,
inclinometer(s) may be installed to further evaluate movements at depth.

Surface Mine Area

The Surface Mine Area will be investigated with test pits as shown on Figure 5-2 and with visual
assessments of the area. Two test pits are recommended in the Surface Mine Area with
associated logging and sampling of cover soils, mine wastes and subsurface materials. The
thickness of cover soils should be recorded at each location and the soil horizon should be logged
as necessary.

Bulk samples of subsurface materials should be obtained for index testing from at least one test
pit: grain size analyses and Atterberg Limits. Additionally, a sample of cover soil should be




tested for organic content. An assessment of the areal extent and thickness of existing cover
soils will be made in the Surface Mine Area.

A review of the amount of residential soils currently stockpiled on the Surface Mine Area should
be made. The existing stockpile of residential soils may be surveyed if necessary to obtain an
accurate volume of such materials.

Existing groundwater monitoring wells at the Site are being sampled as part of the RI. Data from
this sampling will be used in the assessment of conditions in the Surface Mine Area and Waste
Rock Pile Area. Existing Well J should be restored to obtain groundwater levels in that area, if
possible.

Data from existing monitoring wells Well E (MW-1), Well H (MW-2), Well D, Wells F and J (if
possible), and previous well information from the Zinner Report, in addition to new monitoring
wells to be installed will be utilized to gain a better understanding of the geo-hydrologic
conditions in the Surface Mine-Waste Rock Pile-Carney Creek area. Conceptualization and
characterization of the groundwater system in the project area will be performed in accordance
with accepted standards.

Mine Waste Rock Piles

The three Waste Rock Piles will be investigated by installing four test pits and three borings with
two monitoring wells. The four test pits will include two on WRP-1 and one each on WRP-2
and WRP-3. Two or three of the test pits will be excavated near the top of the Waste Rock Piles
and the remainder will be excavated in lower, accessible portions of the Waste Rock Piles.

One boring is proposed at the top of WRP-1 to assess the thickness of mine waste and subsurface
soil horizon for stability. These borings should extend at least 5 feet into the native materials
beneath the Waste Rock Pile for confirmation purposes. One boring each will be advanced
through WRP-2 and WRP-3 within a few hundred feet of the previous borings which indicated
artesian groundwater conditions. These should be located up-gradient and down-gradient of the
previous boreholes performed in the Zinner Study Area 1. The exact locations will be field
selected based on accessibility. Approximate locations of borings, monitoring wells and test pits
shown on Figure 5-2 may vary in the field depending upon accessibility.

Two of the borings, in the WRP-2 and WRP-3 areas, will be developed as monitoring wells with
5 to 10 feet screened intervals within the groundwater zones encountered. It is anticipated that
this will require 2-inch diameter Schedule 80 PVC casing. The MWs should be developed as
necessary and monitored at least quarterly during the FS evaluation period. These monitoring
wells should have protected steel pipe sections above ground surface with locking tops and
concrete slabs at ground surface.




If possible, Well F should be rehabilitated to provide additional groundwater data between the
surface mine area and the largest waste rock pile (WRP-1). :

Three settlement monuments will be installed in the WRP areas to assess movement of these
structures over time. These will be 10-inch diameter by 48-inch deep concrete cylinders
installed vertically with the top approximately 3 inches above the existing ground surface. These
may be either cast-in-place or precast concrete constructed with concrete having a minimum 28-
day compressive strength of at least 3,500 pounds per square inch (psi). They will have brass
survey markers embedded in the top and will be surveyed for horizontal and vertical control
from existing benchmarks, to the nearest 0.01 ft.

One borehole inclinometer will be installed in WRP-B1. This inclinometer will allow an
assessment of the overall movement of waste rock pile with depth. The inclinometer, along with
the surface settlement monument located approximately 800 feet to the northwest, will provide
an overall assessment of the movement of the largest waste rock pile over time.

Bulk samples of cover soils, waste rock and subsurface materials, as applicable should be
obtained and tested for index parameters of grain size and Atterberg Limits, compaction and
organic content of cover soils as necessary. Index tests will be performed on bulk samples, and a
few organic content tests will be performed on surface soils and compaction tests will be
performed on bulk, composite samples. The size of bulk samples may vary from large zip-lock
plastic bags for index and organic content tests to 5-gallon bucket samples for compaction tests.
An assessment will be made of the approximate volume of vermiculite in the Waste Piles based
on visual assessments and sampling of borings and test pits. '

Relatively undisturbed samples from borings or test pits will also be tested for in-situ moisture
density. These in-situ moisture density tests will provide a definition of existing material
conditions throughout the waste rock piles and some will be compared to the compaction tests to
- estimate the existing degree of compaction of materials. In addition, samples will be tested for
strength to assess short and long-term stability of the Waste Rock Piles. The decomposition
potential of materials within the waste rock piles will be evaluated through the use of freeze-
thaw or slake-durability tests of selected samples of materials.

Geophysical survey methods may be utilized to determine subsurface conditions in areas
between boreholes and in areas without any subsurface data. Such methods may consist of
surface seismic refraction surveys or down-hole seismic surveys as applicable to the conditions.

Previous well information from the Zinner Report, in addition to new monitoring wells to be
installed in boreholes (WRP-B2 and WRP-B3) will be utilized to gain a better understanding of
the geo-hydrologic conditions in the Waste Rock Pile-Carney Creek area. Conceptualization and
characterization of the groundwater system in the project area will be performed in accordance
with accepted standards.



5.5  Analytical Requirements

The latest revision of the ASTM standards should be followed for all geotechnical soil and rock
sampling and testing procedures. The following ASTM standards will be followed in sampling
and analysis of geotechnical samples from OU3:

* Geotechnical Field Work should be performed in accordance with ASTM D-420 (Site
Characterization for Engineering Design and Construction Purposes).

e Geologic reconnaissance procedures should be performed in accordance with standard
ASTM procedures (Part 4.5 of ASTM D420-2003).

¢ Subsurface soils encountered in test pits and borings should be logged by an experienced
geologist or geotechnical engineer in accordance with ASTM D-2487 (Classification of
Soils for Engineering Purposes; Unified Soil Classification System) based on visual-
manual procedures specified in ASTM D-2488 (Description and Identification of Soils;
Visual-Manual Procedure).

¢ Standard penetration tests during boring shall be performed in accordance with ASTM D-
1586 (Standard Test Method for Penetration Test and Split-Barrel Sampling of Soils).

e Air rotary drilling will be performed in accordance with ASTM D-5782 (Standard Guide
for Use of Direct Air-Rotary Drilling for Geoenvironmental Exploration and the
Installation of Subsurface Water-Quality Monitoring Devices).

e Rock core drilling and sampling of rock beneath the tailing dam will be performed in
accordance with ASTM D-2113 (Standard Practice for Rock Core Drilling and Sampling
of Rock for Site Investigations).

e Downhole seismic testing will be performed in accordance with ASTM D-7400
(Standard Test Method for Downhole Seismic Testing).

e Seismic refraction investigations will be performed in accordance with ASTM D-5777
(Standard Guide for Using Seismic Refraction Method for Subsurface Investigations).

e Selection of geophysical subsurface investigation methods will be performed in
accordance with ASTM D-6429 (Standard Guide for Selecting Surface Geophysical
Methods).




Cone penetrometer testing shall be performed in accordance with ASTM D-5778
(Standard Test Method for Performing Friction Cone and Piezocone Penetration Testing
of Soils).

Relatively undisturbed cohesive soil and tailings samples should be obtained using a
Shelby Tube in accordance with ASTM D-1587 (Standard Practice for Thin-Walled Tube
Geotechnical Sampling of Soils)

Grain size analyses of soils should be performed in accordance with ASTM D-422
(Standard Test Method for Particle-Size Analysis of Soils) for sieve and hydrometer
analyses. :

Atterberg Limits tests should be performed in accordance with ASTM D-4318 (Standard
Test Methods for Liquid Limit, Plastic Limit and Plasticity Index of Soils).

Rock core samples from beneath the tailing dam will be evaluated in accordance with
ASTM D-5878 (Standard Guide for Using Rock-Mass Classification Systems for
Engineering Purposes).

Relatively undisturbed samples should be tested for in-situ moisture and density in
accordance with ASTM D-2216 (Standard Test Method for Laboratory Determination of
Water [Moisture] Content of Soil and Rock by Mass) and ASTM D-2937 (Standard Test
Method for Density of Soil in Place by the Drive-Cylinder Method).

Standard compaction tests for waste materials should be performed in accordance with
ASTM D-698 (Standard Test Method for Laboratory Compaction of Soil Using Standard
Effort; Standard Proctor).

Relative density of cohesionless granular materials, if any, should be tested in accordance
with ASTM D-4253 (Standard Test Method for Maximum Index Density and Unit
Weight of Soils Using a Vibratory Table) and ASTM D-4254 (Standard Test Method for
Minimum Index Density and Unit Weight of Soils and Calculation of Relative Density).

Direct shear tests of undisturbed and remolded soils should be performed in accordance
with ASTM D-3080 (Standard Test Method for Direct Shear Test of Soils under
Consolidated Drained Conditions).

Slake-Durability tests, if performed on materials obtained from the waste rock piles,
should be performed in accordance with ASTM D-5312 (Standard Test Method for Slake
Durability of Shales and Similar Weak Rocks).




° Fre'eze-Thaw‘tests, if performed on materials obtained from the waste rock piles, should
be performed in accordance with ASTM D-4644 (Standard Test Method for Evaluation
of Durability of Rock for Erosion Control under Freeze-Thaw Conditions).

e Organic content of soils should be performed in accordance with ASTM D-2974
(Standard Test Methods for Moisture, Ash, and Organic Matter of Peat and Other
Organic Soils).

e Monitoring wells will be installed in accordance with ASTM 5092 (Design and -
Installation of Ground Water Monitoring Wells in Aquifers).

e Vibrating wire piezometers will be installed in accordance with USBR or U.S. Army
Corps of Engineers requirements.

¢ Borehole inclinometers will be installed and monitored in accordance with ASTM D-
6230 (Test Method for Monitoring Ground Movement Using Probe-Type Inclinometers).

e Monitoring wells will be protected in accordance with ASTM D-5787 (Standard Practice
for Monitoring Well Protection).

¢ Groundwater conditions in the Surface Mine and Waste Rock Pile Areas should be
evaluated in accordance with ASTM D-5979 (Standard Guide for Conceptualization and
Characterization of Ground-Water Systems).

5.6  Quality Control

Quality control will be performed on a continuous basis by site personnel as work progress in the
field. Field record books will be maintained as necessary and field logs will be maintained and
copied daily to eliminate the possibility of lost data. Approximately S to 10 percent additional
samples will be collected in the field, beyond those specified, for later testing if test results
appear to be in error.

Samples will be handled, packaged, labeled and shipped to the testing laboratory in accordance
with accepted ASTM and EPA standards. All testing by the laboratory will be performed in
accordance with accepted ASTM standards including all required data and information reporting
required by the standards. '

Field logs of borings and test pits will be reviewed and corrected as necessary based on the
laboratory testing. The geotechnical report will be developed by consultants for W.R. Grace and
reviewed by the various parties involved in the program.




Surveying for location and elevation of borings and test pits will be performed in accordance
with accepted survey standards of the American Congress on Surveying and Mapping (ACSM)
and the National Society of Professional Surveyor (NSPS).



Table 5-2: Summary of Sampling Design

Boring, Bulk Samples | Undisturbed Index Moisture- Compaction | Strength | Rock Durability Organic Piezometers or Comment
Test Pit or Samples Tests Density Tests Tests Tests Tests Content Tests Moanitoring Well
Item
ID
Install New Piezo. &
TSF-B1 2-3 2 34 2-3 1 1TX 1-2 RQDs Transducer & Data At Max. Dam Section
Logger
TSF .
— | e —— —— | e —— ] e - Std. CPT Rpt
CPT-1t03 _
TSF
Repair Piezo.;Add
Existing ——— B el B R S T i e s ——— Install VW Piezo.
. Data Logger
Piezo. P-0 .
Existing P-
Install Transducers Data Loggers
2 and PM-2
CTP-TP1 1-2 I -2 : | e B I Install New Piezo. -
CTP-TP2 1-2 1 1-2 N T — 1 Install New Piezo. —
CTP-TP4 1-2 1 I | N e Y I - 1 ——- —--
CTP
Geologic ———e — | e B ———— —-- b e e Possible SM/Inclin
Recon.
SMA-TP2 1 - 1 ————— | s e
WRP-B1 2-3 2-3 23 1-2 1 1-TX —_— — e Install Inclinometer
WRP-B2 1-2 12 1-2 -2 | e | = [ e — — e New MW
WRP-B3 1-2 1-2 1-2- -2 —— [ e e ——me New MW
WRP-TP1 1-2 1 1 | N T 1 F-Tor S-D | -
WRP-TP3 -2 I 1 | O e 1 —
WRP-TP4 1-2 1 1 1 1 1-DS 1S-DorF-T — - -—
Notes:  TSF denotes Tailing Storage Facility SMA denotes Surface Mine Area
CPT denotes Cone Penetrometer Test DS denotes Direct Shear Test.
E-T denotes Freeze-Thaw Test VW denotes Vibrating Wire Piezometers
CTP denotes Coarse Tailing Pile S-D denotes Slake-Durability Test

WRP denotes Waste Rock Pile TX denotes Triaxial Shear Test

Settlement Monuments at TSF and WRP areas not shown and existing MWs not indicated although water level measurements required from all existing MWs
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